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PREFACE TO THE SECOND EDITION. 



The special object of this T^eati^e is to fiimish 
explanations of the fundamental principles of Arith- 
metic more ftdl and clear than those usually given. 

It should be held to be of the utmost importance 
that the reason of every step in every process 
employed should be made perfectly intelligible to 
the learner; if at least Arithmetic is to be looked 
on as an important branch of mental training, rather 
than a mere series of operations to be mechanically 
performed. 

This book is consequently a protest against that 
still common process of teaching " sums," which may 
be called the "magical process:" "Follow the rule 
as laid down," says the master, "do not trouble 
yourself about the reason : but do this, do that, 
and — hey presto! the answer." 



VI PREFACE TO THE SECOND EDITION. 

The considerable additions and alterations made 
in this Edition do not consist in the introduction 
of any new methods, so much as in the further 
development of those already laid down in the first 
Edition. The compendious method of Division is 
now used throughout the book, and is introduced 
in the process of finding the Greatest Common 
Measure; the contracted method of Multiplication 
and Division is likewise extended to compound 
quantities. The growing importance of the ques- 
tion of a decimal and an international coinage, and 
of a more uniform system of weights and measures 
has led to the introduction of a new Chapter on 
that subject: while the Chapters on duodecimals 
and on the extraction of the square and cube root 
have been recast. A very large addition has also 
been made in the Appendix to the collection of 
Examination Papers; and for permission to publish 
these I am indebted to the courtesy of the Masters 
of the several Colleges and Schools wherein the 
Papers were originally set. 
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CHAPTER I. 

FIRST PBINOIPLES AND SOALES OF NOTATIOK. 

§ 1. Quantity is the answer to the question qitantus, how 
much ? It is therefore that property of objects by means of 
which, when two of the same kind are compiired together, one 
can be said to be greater or less than the other. 

§ 2. Magnitude, which is often used as identical with 
Quantity, is really the answer to the question, how great f 
and may be used of everything which admits of the notion of 
greater or less, although in common language it is usually 
used with reference to the bulk of an object. 

§ 3. Unit or Unity is the name given to that quantity 
which is to be reckoned as one, when otJier quantities of the 
same kind are to be measured. 

§ 4. Number is the relation of a quantity to its unit ; the 
notion of number being suggested by successive repetitious of 
the individual unit 

§ 5. When men first began to count, they would count 
numbers of some particular thing: so many men, so many 
horses, &c. Next they would observe that whatever result is 
obtained, as by adding one number of men to another number 
of men, the same result would be true if the »am£ numbers of 
any particular kind of thing were used ; if 15 men and 3 men 
more made 18 men, and 15 horses and 3 horses more made 
18 horses, generally 15 and 3 would make 18, whatever kind 
of thing was reckoned : and the idea of number abstracted 
from any particular kind of thing would thus be realized. 
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Hence we define concrete numbers to be those considered 
as belonging to some determinate species ; abstract numbers 
to be those taken without reference to any particular species. 

Thus in 12 inches, and 12 pence, the 12 is a concrete num- 
ber. But if we say 7 and 5 make 12, or 7 times 5 are 35, the 
numbers used are all abstract. And even if we say that a foot 
is 12 times as great as an inch, the number 12 is still abstract. 

§ 6. We can now explain more fully the term unit : it is 
not itself one; but it is the magnitude which shall be repre- 
sented by one in calculation. * If all lengths be referred to the 
standard of an inch, all weights to the standard of a pound, 
all periods of time to the standard of a second, the inch would 
be called the unit of length, the pound the unit of weight, the 
second the unit of time : that is to say, the unit would be a 
length, or a weight, or a time. The symbol which represents 
the abstract conception of singleness as distinguished from 
multitude is 1, which is the unit of abstract arithmetic : but 
all concrete quantities must have units of their own kind ; and 
indeed anything may be unity for other things of its own kmd ; 
i.e. the unit is at first arbitrarily fixed on : the unit of length 
might be a foot, or a yard ; the unit of weight might be an 
ounce, or a stone. 

§ 7. Arithmetic (api^fu/riKi), scilicet T€xyri) is the art of 
numbering ; and is usually taken to mean the science of ex- 
pressing numbers by symbols, and of applying set rules to the 
different operations in which numbers are used. 

§ 8. Notation is the art of expressing numbers by figures 
or symbols appropriated for that purpose. 

§ 9. Numeration is generally applied to the converse pro- 
cess of expressing in words a number which is already ex- 
pressed in symbols. 

§ 10. To explain what is meant by a scale of Notation. 

By a scale of Notation is meant a systematic arrangement 
for facilitating the computation of large numbers. Instead of 
giving independent names to the whole series of natural 
numbers beginning from unity, which would make an un- 
limited and most embarrassing nomenclature, it is arranged 
that a certain number of units arbitrarily fixed upon shall be 
grouped into a class ; and that the same number of these 
classes shall be taken to form a class of the next higher 
order; and that the same number of these higher classes 
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shall be taken to form a class of a still higher order, and so 
on ; advancing onwards from class to class as far as occasion 
may require. The number of units at first fixed upon to form 
a class is quite arbitrary : it might be five, it might be ten, it 
might be twelve, or any other number : but this being once 
fixed, the same number of each of the classes must be taken 
to form a class of the next higher denomination. 

§ 11. To explain the Decimal or Denary Scale qfNoUh 
Hmi, 

In the decimal scale the number ten is arbitrarily fixed 
upon as the basis of computation; and the cipher, which is 
the Fiame given to nothing, and the fii^t nine natural num- 
bers are represented by the following symbols, 0, 1, 2, 3, 4, 6, 
6, 7, 8, 9. When the number ten is reached, this is considered 
as a new unit of a superior order ; and the succeeding num- 
bers are formed by successive combinations of the first nine 
natural numbers with ten, with two tens, with three tens, &c.^ 
until ten classes of ten each are gone through, when the last 
number in the last of these classes is called one hundred. 
This now becomes a unit of the next superior order, and ano- 
ther series of numbers is formed by combining one hundred 
with the numbers just enumerated; and when ten classes of 
hundreds are gone through, the last number is called not ten 
hundred, but one thousand. Neither tens of thousands nor 
hundreds of thousands have a separate name assigned to 
them^: but the same process of ascending by classes, ten of 
which form one of the next order, is continued until one thou- 
sand thousand is reached, and this is called a million. Pro- 
ceeding onwards in the same way, a million million is called 
a billion; a million billion is called a trillion; a million tril- 
lion is called a quadrillion, and so on. 

§ 12. To explain the principle qf Local Value, 
In order to represent numbers higher than nine, t.e. num- 
bers which contain tens, hundreds, &a, the following device 
has been invented. No symbols besides those above enume- 
rated are used, but it is agreed that each figure besides its 
individual shall have a local value, namely, a value depending 



^ Would not the assigniDeot of distinct names to " tens of thoa- 
mnds" and "hundreds of thousands" facilitate the apprehension 
uf high numbers, and render more obvious the law that a new unit 
is formed when ten of any class is reached ? 

Ii2 
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upon the place it occupies ; and that, while any figure standing 
simply by itself retains the individual value assigned to it, 
any figure standing to the left of another shall thereby be in- 
creased ton-fuld. Thus when it is arranged that a figure 
standing in any particular place ^ shall represent so many 
uniis^ the figure to the left of this will represent tens, or units 
of the second class : the figure to the l^ft of this ten tens, or 
hundreds; the figure to the left of this, ten hundreds, or 
thousands, and so on ; the local value of each figure conti- 
nually increasing in a ten- fold degree as we advance one place 
further to the left. If in writing a number, any class, as units, 
tens, hundreds, &c. be wanting, the cipher'^ is used ; which 
although without signification when standing by itself, serves 
when combined with other figures to fill up the vacant places, 
and so to give the significant figures their required local 
value. 

\0h9. The peculiarity of decimal notation must not be con- 
fused with the local value assigned to the figures ; the two things 
are perfectly distinct, and do not in any way depend upon each 
other. Indeed while many nations have used a decimal notation, 
very few traces of local value can be found in any system except 
the Hindoo-Arabic which we use. The decimal scale probably 
originated in the practice of counting on the fingers, whence the 
name digits for the symbols representing the first nine numbers. 
Had any nation counted only on one hand, such a system would 
have been the quinary^ and six would have been the unit of the 
next superior order. Had they counted on fingers and toes the 

^ In whole numbers the figure on the extreme right is said to be 
in the units place ; the next figure to the left, in the tens place ; the 
next figure to the left, in the hundreds place ; the next, in the ikow- 
sandit place ; and so on. But in writing decimal fractions (which, 
as will be shewn afterwards, afford the means of extending the deci- 
mal sca'e below unity) it is not the right-hand figure, but the figure 
to the left of the decimal point which stands in the place of units. 

■ The w«)rd cipher/ 17 Tf/0/)a, cifra, is from the Arabic term 
Tsaphara, *' quod vacuum aut inane est," blank, or void. At the 
end or in the middle of any number the cipher is of use to keep the 
significant digits in their proper rank, when the units or the hun- 
dreds or any other denomination may be wanting, eg. 60 means 6 
tens followed by no units : 606 means 6 hundreds, with no tens, bat 
6 units. At the beginning of a number ciphers would be useless : if 
so placed they could only indicate the absence of any higiier class ; 
e.g. 096 means only 9 tens and 6 units ; the cipher showing that 
there are no hunrlreds, which is equally intelligible if the cipher be 
omitted. The use of the word cipher led to the digits being all 
called ciphers, and so introduced the use of the verb to cipher. 
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system would have been vieenary. Some traces of both these 
systems are to be found, for instance, in our reckoning by georea \ 
The quinary, the denary, and the vieenary are the only natural 
systems ; and it will be found that no other than these have ever 
prevailed in common use. The duodecimal scale, with 12 for the 
base, would present some peculiar advantages, as 12 is exactly 
divisible by 2, 3, 4, and 6; while 10 is so divisible by only 2 
and 5 : but in the infancy of any nation the method of reckoning 
by one of the natural systems seems to have been always first 
established, and not to have been afterwards disturbed by any 
more artificial arrangement. 

When the practical method of numeration had been fixed, the 
numerical language to express it would be afterwards formed; 
and this would be succeeded by the invention of written symbols. 
The Hebrews, Fhcenicians, and Syrians used the letters of their 
alphabets for numerical symbols; and the Greeks, who derived 
their alphabet from the Phoenicians, borrowed from the same 
source their system of numerical notation. From what source the 
Roman numeral symbols originated is a point which has given 
rise to much conjecture ; one explanation, namely that the system 
was made up from signs used in reckoning by single units, will be 
noticed below. For the symbols which we now use no other origin 
has been suggested than that of arbitrary invention: the shape 
of several of the figures has been considerably modified in course 
of time ; but the use of nine figures with zero, and the principle 
of local value' were introduced among the nations of Europe from 
the Arabs, first into Spain in the 12th century, and especially into 
Italy in the beginning of the 13th century. The Arabs derived 
them from India, where the Hindoos had used them from a period 
anterior to all written records, and attributed the invention of 
them to the Deity, i* the invention of nine figures with the device 
of places to make them suffice for all numbers, being ascribed to 
the beneficent Creator of the universe^." The use of this method 
among the Hindoos can be traced up to the 5th century after 



' The word score itself, Hie long notch on tJie tally, shews tlie me- 
thod of counting which was most common among oar forefatbeni. 

' The Chinese possess a system of dfcimftl Arithmetic not only of 
very great antiquity, but one in which a very close approximation U 
made to local value ; they use however symbols for the superiitr 
units (hundreds, thousands, &c.) which in our system are expressed 
by position alone. 

' Note 2 to page 4 of Colebroke's Trantilation of Bhdacard's 
Lilavati : where it is stated that ' the place, where no figure belongn 
to it, is shewn by a blank ; which to obviate mistake, is denoted by 
a dot or small circle.' 
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Ciiiist; among the Arabs to the 9th ceutaiy. It appears to have 
been oommunicated about 1186 by the Moors in Spain to the 
Spaniards, but at first to have been little used except in Astrono^ 
mical works and calendars; its more general adoption was intro> 
duced into Italy by the writings of Leonardo Pisano in 1202 ; but 
Roman numerals still continued to be most commonly used 
throughout Europe for a long period subsequent to this; and in- 
deed merchants' accounts were so kept until the middle of the 
16th century.] 

§ 13. It will be useful here to explain the methods of 
notation used by the Greeks and the Romans. The system of 
the Greeks will serve to illustrate the manner of representing 
numbers by the letters of an alphabet ; while the peculiarities 
of the Roman numerals, still commonly adopted among our- 
selves, as in inscriptions, &c., ought to be well understood. 

The Greeks then, in order to denote numbers, used the 24 
letters of their alphabet, with three additional signs, which 
signs, as ordinary letters, had become obsolete at an early 
period: these were the Bat) or Digamma, originally the 6th 
letter of the alphabet, which under the form f (called to ivi- 
arrjfjLop Bav) denoted the number 6 ; the guttural Kofnro, which 
originally followed ttI in the alphabet, written q or ^, called 
TO cmcrrjfjLop Komra, and as' a numerical sign denoting 90 ; and 
the arbitrary symbol ^ofim (compounded from the old letter 
Sov from the Hebrew Zain, and iri) written "^j and denoting 
900. Their numbers therefore were represented as follows : 

a , ^', V, a', e\ 5-'. r, V, e', 

1, 2, 3, 4, 5, 6, 7, 8, 9, 

i, m, ip...K, Ka, Kp ...Af fi, V, ^, o, T, Q or ijt 
10, 11, 12...20, 21, 22. .30, 40, 60, 60, 70, 80, 90, 

p, i/, T, i/, 0', x» f» «'» ^, 
100, 200, 300, 400, 600, 600, 700, 800, 900, 

/«« A /7» A /«. /^» /i", ,% A 
1000, 2000, 3000, 4000, 6000, 6000, 7000, 8000, 9000, 

fi or Mv. for Mvptas stood for 10,000 
The word "air" (a = 1, i'= 10, p ^ 100) will help the 
memory to retain the first letters of the lines of units, tens, 
and hundreds. 

Besides this notation there was an older method of ex- 
pressing numbers (a method found on ancient inscriptions, &c.) 
by means of the initial letters of "los for ds, IleVre, A/xa, 
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HtKorov, XCkioi, and Mvpioi, In this system I""l, II""S, 

111 = 3, 1111 = 4, u = 6, ni = 6, nini=9, a-io^ ai«-ii, 

A A = 20, AAA » 30, H = 100, HH - 200, X = 1000, XX » 2000, 
M -i 10000. Also abbreviated combinations of n with other 

letters were used ; thus FI -i wiVTOKis b€Ka = 60 ; R = frc yra«ir 

iKOTOv = 500; ^^irtwaKig x^^^ = ^^^^* ^^'^ ^V wriUug M 
beneath any letter its value was increased ten thousand fold : 
Thus y was 30U00 ; kB was 220000. In writing fractions, 

either y\ iff alone meant }, ^ ; or else the denominator was 
written above the numerator, like an index in algebra, as 

K^ for }f. 

§ 14. Various conjectures have been made concerning tho 
origin of the Roman numer.ils, and among others the following 
hypothesis has been put forward : Suppose that a person who 
counted on his fingers wrote a stroke for each successive unit 
up to ten ; and when ho had advanced as far as ten strokes, 
that lie drew a cross line through them to denoto that he had 
come to the end of his handful : his marks would be 

I, II, III, ... mif»m, 
If now he shortened his mark for ten into a single unit with a 
cross lino drawn through it, he would have X for ten : for one 
hundred he might adopt the unit with two cross lines, as /^ ; 
for one thousand he would require a unit with ^ArM cross linos, 
or four strokes, which might be written A\) or (o, or even o ; 
next, if lie ^uihed those symbols he would have half X or Y 
for five ; half >9 or L for fifty ; half <d or D or Iq for five hun- 
dred. Whether this hypothesis be correct or no, at any rate 
the Romans represented numbers by combinations of these 
symbols ; they had a certain principle of local value as far as 
this, namely that a smaller symbol, standing b^ore a larger 
one, in numbers less than one himdred, was to be stibtractedt 
but standing €^er it was to be added. Their notation there- 
fore was as follows : 



1. 


I. 


8. 


VIII or IIX. 


2. 


IL 


9. 


Villi or IX. 


3. 


IIL 


10. 


X. 


4. 


nil or IV. 


IL 


XL 


6. 


V. 


12. 


XI L 


6. 


VL 


13. 


XIII or XIIV. 


7. 


VIL 


14. 


XIIII or XIV. 
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AND 


15. 


X7. 


200. 


CO. 


16. 


XVI. 


300. 


ccc. 


17. 


XVII. 


400. 


cccc. 


18. 


XVIII or XIIX 


600. 


D or 13. 


19. 


X Villi or XiX. 


600. 


DC or IqC. 


20. 


XX. 


700. 


DCC or loCC. 


30. 


XXX. 


800. 


DCCC or loCCC. 


40. 


XXXX or XL. 


900. 


DCCCC or IqCCCC. 


50. 


L. 


1000. 


*M or ClQ or 00 or 1. 


60. 


LX. 


2000. 


IIMorCIoCIo. 


70. 


TiXX. 


6000. 


loo or V. 


80. 


LXXXorXXC. 


10000. 


CCIQO. 


90. 


LXXXX or XC. 


60000. 


loooo. 


100. 


C. 







[Obs, We have stated that the reversed C (0), called apo- 
strophus, with a perpendicular line preceding it, as Iq, or 
drawn together as D, signifies 600. But in every multipli- 
cation with ten a fresh apostrophus is added, as Iqq = 6000, 
l000 = 60000, &c. ; and when a number is to be doubled, C is 
repeated as many times b^ore the horizontal line as stands 
behind it: thus if Iq, or five hundred, is to be doubled, 
CIo = 1000; if Iq, or five thousand, is to be doubled, 
CCl00 = 10000, and so on.] 

lObs, The exercises which follow each chapter are intended 
both for an examination in the principles which have been laid 
down, as well as for practice in the various rules explained : and 
the amount of advantage derived from this book will mainly de- 
pend upon the fidelity with which these exercises are worked out. 
The great object to be kept in view is that elementary principles 
should be thoroughly mastered ; and that all examples should be 
worked out from a knowledge of the reasons of the process adopted, 
and not by the help of a question of a similar sort, which happens 
to be worked at length in the book. Let the learner try to acquire 
habits of rapidity in his calculations as well as accuracy: too 
much time is generally wasted in counting up in addition, in using 
too many words in multiplication, &c. : whereas these processes 
ought to be done instantaneously, and without effort. The habit 
of making short calculations in the heady instead of writing down 
every figure is as much to be commended as it is generally neg- 
lected: it teaches rapidity, (generally the most rapid reckoner is 
also the most accurate,) and gives confidence as well: whilst it 
also proves whether first principles and the reasons of the processes 
ore really understood; it being easy for the teacher to put the 
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questions in varied forms, bo as to test this point especially. Above 
allt when a question is proposed of a novel kind, or of a familiar 
kind perhaps, but in a new shape, — inverted, or otherwise dis- 
guised, — let the learner, instead of giving up the attempt dis- 
oouraged, fall back upon that excellent gift — common sense, and 
endeavour honestly to reason out the difficulty; and let him be 
assured that there are no mysteries in the science which may not 
be unravelled by a little careful thought, common sense, and per- 
severance.] 
« 

Exercise I. 

1. Write down the numerical symbols for — . 

(1) Nineteen thousaisd and six. 

(2) Sixteen hundred thousand, four hundrod and two. 

(3) Eight million, three hundred and eight thousand, 
seven hundred and ninoty-une. 

(4) One hundrod and sixty-six million, four hundred and 
two thousand, and nine. 

(6) A thousand million. 

(6) Two billion, three hundred thousand million, four 
hundred and five thousand, six hundred and seven. 

2. Write down in words the numbers expressed symbo- 
lically by— 

(1) 12.3466789. (2) 9009009009. 

(3) 777000777. .(4) 896787642134. 

(6) 4663218764529. (6) 378658469372166. 

3. Explain what is meant by the unit of lengthy the unit 
of weighty the unit of time, &c. ; and point out the difference 
between concrete and abstract numbers. 

4. Explain what is meant by a scale qf notation : in the 
quinary scale how would the number seven be represented ? 
if only seven digits were used how would the number thirteen 
he represented ? 

6. Explain the decimal or denary scale of notation ; and 
Hhew how with only nine symbols and the cipher we are able 
to represent any numbers however large. 

Does the principle of local value depend in any way on 
tliat of decimal notation 1 or could the one principle be em- 
ployed without the other ? 
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6. Point out the conveniences of oar method of notation,, 
comparing it with any other method you are acquainted with. 

What is the use of the cipher? may it be placed with 
equal propriety at the beginning, at the end, or in tlie middle 
of a number ? 



CHAPTER II. 

ADDITION, 8UBTRA0TI0N, MULTIPLICATION, AND DIVISION. 

Ohs, The three following Tables, viz. the Addition Table, 
the Subtraction Table, and the Multiplication Table should be 
thoroughly committed to memory^. In the first Table the 
sum of any number in the upper horizontal column and of any 
number in the left-hand vertical column will be found in the 
square formed by the intersection of the two columns in 
which the numbers stand; in the second, the excess of any 
number in the upper horizontal column over any number in 
the left-hand vertical column will be found in the square 
formed by the intersection of these two columns; and similarly 
in the third, the product of any two numbers, one in the 
upper horizontal column, the other in the left-hand vertical 
column, will be found in the square formed by the intersec- 
tion of the two columns in which the respective numbers 
stand. 



^ When commencing the study of Arithmetic, after the funda- 
mental principles have been thoroughly explained and understood, 
the learner should so commit to memoi^ the tables here givi>n, as to 
say at once, without mental effort, ana as it were mechanically, the 
result of any simple Addition, Subtraction, or Multiplication. Verv 
awkward habits are often formed by beginners; for instance, in 
numeration children count up through units, tens, hundreds, &c. 
instead. of being taught to remember t^at the fourth figure is in the 
place of thousands, the seventh in the place of millions, the thirteenth 
in the place of billions, &c. In Addition, perhaps, they are allowed 
to count on their fingers, or by strokes upon the slate. These habits 
should be checked at the first ; and the method of ready reckoning 
insisted on, that is, the method of performing these operations 
almost mechanically. 
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[Obs. We must here explain that + for plus, — for minus, 

X for into, and -^ for by, are the signs of addition, subtraction^ 

multiplication, and division respectively ; and that the sign 

= , or eqiuU to, means that the quantities between which it 

stands are equal to one another.] 

§ 16. ADDITION (from addo, I give to) is the putting 
together two or more quantities into one ; this result, which 
is as large as all the original quantities together, is called 
their sum. 

§ 16. Add together 1863 and 6789, and explain the pro- 
cess. 

Axiom,, The sum of two numbers is equal to the sums of 
their respective parts collected together. 

Now 1863 » 1 thousand + 8 hundreds 4- 6 tens + 3 units, 
and 6789 « 6 thousands + 7 hundreds + 8 tens + 9 units, 

and as the sum of these two numbers is equal to the sums of 
their respective parts, that sum is 

7 thousands + 15 hundreds + 14 tens 4- 12 units. 

But here we may observe that 12 units make up 1 ten and 
2 units ; writing 2 in the place of units and carrying 1 to the 
place of tens, we have 15 tens ; but 15 tens are &\\X2X to 1 
hundred and 5 tens ; writing 5 in the place of tens, and carry- 
ing 1 to the place of hundreds, we obtain 16 hundreds : but 
16 hundreds are equal to 1 thousand and 6 hundreds ; writing 
6 in the place of hundreds, and carrying 1 to the place of 
thousands, we have 8 thousands. Hence the entire sum is 
8 thousands, 6 hundreds, 5 tens, and 2 units ; or is 8652. 

This may be exhibited in another form thus : 
1863 = 1 thousand + 8 hundreds + 6 tens + 3 units, 
67S9 « 6 thousands + 7 hundreds + 8 tens + 9 units, 

The sum is 

7 thousands + 15 hundreds +14 tens + 12 units, 
i.e. 7 thousands + 15 hundreds + 14 tens + 1 ten and 2 units, 
i,e, 7 thousands + 15 hundreds + 15 tens + 2 units, 
i,e, 7 thousands +15 hundreds + 1 hundred and 5 tens + 2 units, 
i,e, 7 thousands + 16 hundreds •«- 5 tens + 2 units, 
i.e. 7 thousands -*- 1 thousand and 6 hundreds + 5 tens + 2 units, 
i.e. 8 thousands + 6 hundreds + 5 tens + 2 units, 
f.0. 8652. 
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Having observed the principle upon which the process de- 
pends, it will be sufficient in practice to use the following 
shortened form : 

1863 

6789 

8652 

Instead however of performing the process by saying, ^ 9 and 
"' 3 are 12, put down 2 and carry 1 ; 8 and 1 are 9, 9 and 6 are 
^ 15, put down 5 and carry 1 ; 7 and 1 are 8, 8 and 8 are 16, 
''put down 6 and carry 1 ; 6 and 1 are 7, 7 and 1 are 8/' using 
as few words as possible, say only '' 9 and 3, twelve ; 9 and 6, 
" fifteen ; 8 and 8, sixteen ; 7 and 1, eight." 

§ 17. Add together £9 „ Ids. „ 11^. and £S „ 188. „ Sd, 
and explain the process. 

£ 8. d. 
9 „ 19 „ 11 
8 „ 18 „ 8 



adding like denondnations we obtain as the sum 17 „ 37 „ 19 

But 19 pence are 1 shilling and 7 pence ; vn-iting 7 in the place 
of pence and carrying 1 to the place of shillings, we have 38 
shillings ; but 38 shillings are j£l and 18 shillings ; writing 18 
in the place of shillings, and carrying 1 to the place of pounds, 
we have ^18. Hence the sum is jgl8 „ ISs. „ Id. 

§ 18. SUBTRACTION (from gubtraTio, I withdraw) is 
the removal of a less quantity from a greater ; the quantity 
to be diminished {minitendum) is called the minuend, the 
quantity to be withdrawn (suhtrahendum) is called the svb- 
trahendy and the quantity which remains is called the dif- 
ference, 

§ 19. The subtraction of simple numbers, in accordance 
with the table given above, is effected by the memory ; but in 
high numbers, especially where some of the figures in the sub- 
trahend are greater than the corresponding figures in the 
minuend, a process must be adopted, the principle of which 
depends upon the two following axioms : 

(1) The difference of two numbers is equal to the differ- 
ences of their respective parts taken together. 

(2) The value of the minuend is not altered by separating 
the various denondnations of which it is composed, vis. tens, 



16 ADDITION, SUBTRACTION, 

huDdreds, &c., into several parts, and reckoning one ten as 10 
units, one hundred as 10 tens, &c. 

Ex. Subtract 7495 from 9263. 

If we take units from units, tens from tens, hundreds from 
hundreds, &c., the differences of these several parts taken to- 
gether will make up the difference of the given quantities. 
Now, writing the subtrahend beneath the miuuend, 

9263 
7495 

if we endeavour to take 5 units from 3 units, the 5 being the 
larger number cannot bo taken away from the 3 ; therefore 
separate the 6 tens in the minuend into 5 tens and 1 ten, and 
add the 1 ten as 10 units to the 3 in the place of units ; this 
will make 13 units in the place of units and leave 5 tens in the 
place of tens ; take the 5 units in the subtrahend from the 13 
units now in the minuend, and write in the remainder 8. 

We have now 5 tens in the minuend, from which to take 
9 tens in the subtrahend ; as this is impossible separate the 
2 hundreds in the upper line into 1 hundred and 10 tens; 
leave 1 in the place of hundreds and add 10 tens to the 5 
in the place of tens, making 15 tens in the minuend; take 
9 tens from 15 tens, and in the remainder write 6 in the 
place of tens. 

There is now 1 hundred in the minuend, from whicli to 
take 4 hundreds in the subtrahend ; this likewise being impos- 
sible, separate the 9 thousands in the minuend into 8 thou- 
sands and ten hundreds; leave 8 in the place of thousands, 
and add the 10 hundreds to the 1 in the place of huiidre<i8, 
making 11 hundreds in the minuend. From 11 hundreds 
t^ike 4. hundreds, and in the remainder in the place of hun- 
dreds write 7. 

Lastly, we have 8 thousands in the minuend, from which to 
take 7 thousands in the subtrahend ; and this being pos-^ible, 
in the remainder in the place of thousands write 1. 

The minuend in its imaginary altered form would stand 
thus : 

8 thousands 4* 11 hundreds + 15 tens + 13 units. 

From which we can take 

7 thousands + 4 hundreds + 9 tens + 5 units, 
leaving as a remainder 

1 thousand + 7 hundreds + 6 tens + 8 units. 



■» 
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§ 20. In the process adopted in practice the figures in 
the minuend are not actually altered ; and perhaps we might 
more simplj explain the practical process as follows; 

9263 
7495 

To subtract 5 from 3 is impossible ; so separate I ten from the 
6 tens, and adding it to the 3 units, say 6 from 13 leaves 8. 
JNow we are supposed to have separated 1 ten from the 6 tens, 
but as the figure really remains 6, we still have. to take 1 
from it ; also we have to take from it the 9 in the lower line ; 
so instead of taking away first 1, and then 9 more, take away 
10 at once; but 10 from 6 being impossible, separate 1 from 
the place of hundreds, and adding it as 10 tens to the 6 tens, 
say 10 from 16 leaves 6. As we have not really taken 1 from 
the 2 hundreds, we have still to take 1 from it, also we have to 
take the 4 in the lower line ; instead of taking first 1 and then 
4, take away 5 at once ; but 5 from 2 being impossible, sepa- 
rate 1 from the place of thousands and add it as 10 hundreds 
to the 2 hundred, and say 6 from 12 leaves 7. As we have not 
really diminished the figure 9 in the place of thousands, we 
have still 1 to take from it, and likewise we have to take away 
the 7 in the lower line; so, taking away 8 at once from the 9, 
we have 1 left in the place of thousands, and the entire dif- 
ference is 1768. 

§ 21. Since the minuend diminished by the subtrahend 
equals the remainder, it follows that the remainder increased 
by the subtrahend equals the minuend. 

Hence we may test the accuracy of any subtraction by 
adding together the remainder and the subtrahend ; if their 
sum be equal to the minuend, the subtraction may be sup- 
posed to have been correctly performed. 

From this consideration we may deduce a method of ob- 
taining the correct result of any subtraction by asking our- 
selves what must be added to the subtrahend to make it equal 
to the minuend ; thus : 

9263 
7496 

1768 
6 and eight are 13 ; write down 8 ; and whenever the number 
resulting from the addition is ten or more than ten, (as here 
13) carrj 1 to the next figure in the lower Une ;. 10 and six 
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are 16 ; write down 6, and carry 1 to the next 4; 5 and seven 
are 12 ; write down 2, and carry 1 to the next 7 i 8 and one 
are 9 ; write down 1. 

As this method will be referred to again, when we come to 
a compendious method of division, which will be mentioned 
below, we give another example of it^ observing that we only 
write down the figures representing the words printed in 
italics, and if the sum be ten or more than ten, carry one to 
the next figure^ without saying ''put down so and so and 
carry one." 

Ex. 2. Find the difference between 4567 and 3498. 

4667 
3498 

1069 
8 and nine 17 ; 10 and six 16 ; 6 and nought 5 ; 3 and one 4. 

Ex. 3. Subtract £6 „ 18*. „ Wd, from ^10 „ 7*. „ 2rf. 

£ s, d. 

10 „ 7 „ 2 

5 „ 18 „ 11 

4 „ 8 „ 3 

We cannot take \ld, from 2^.; therefore separate the *Js. 
in the minuend into 6«. and 12t^., and add the 12d to the 2^., 
making 14^. ; from 14^. take 1 Id.^ and write 3^. in the re- 
mainder. Now from the 7* . (as the figure remains unaltered), 
we have still to take away Is,, besides the 18«. in the subtra- 
hend, Le. we have to take away 19*. ; but as we cannot take 19 
from 7, separate the ^10 in the minuend into ^9 and 20*., 
and add the 20*. to the Is,, making 27*. ; take 19«. from 27«., 
and write 8*. in the remainder. From the ^10 remaining 
imaltered we have still to take ^1, besides the ^5 in the 
subtrahend ; i.e, we have to take away altogether ^6 ; sub- 
tract ^6 from £10, and write £4 in the remainder; whence 
the entire difference is £4. 8«. Zd. 

[The above examples give the reason for the method of 
what is commonly called borrotoing and carrying; but as 
these terms by no means explain the operation, the principle 
of the process employed in subtraction is often not under- 
stood. The term carrying, which is proper enough in addi- 
tion, is hardly correct in subtraction, as it would be difficult to 
say from what figure anything is carried; while the term 
borrowing needs explanation, and means, as will have been 
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seen, the sepiuratioii of the different denonunatuMis of the 
minaend into serenl parts.] 

§ 22. MULTIPLICATION (from mutHpUx, manifold) 
is a shortened method of performing addition ; when one of 
two given nnmbers is to be taken as manj times as there are 
units in the other. 

The quantity which is to be multiplied (muUiplicandumy 
that which is to be taken manifold times) is called the muiti' 
plieand; the quantity by which it is to be multiplied is called 
the muliiplier; and the result, itie product, 

§ 23. The fundamental principles upon which the process 
of multiplication depends are these : 

(1) If we separate any multiplicand into any number of 
parts, and multiply each part severally by any number and 
add the results, tiie tohole multiplicand is thus multiplied: 
e.g. 15, which may be separated into 8 and 7, is multiplied by 
9, if 8 and 7 be each multiplied by 9 and the results added 
together. 

(2) If the multiplier be separated into any number of 
parts and the multiplicand be multiplied severally by each of 
these pai-ts and the results added together, this is equivalent 
to multiplication by the tcliole multiplier : 6.^. if it be required 
to multiply 17 by 12, and we multiply 17 by 4 and 17 by 8 and 
add these results, we have then taken 17 exactiy 4 + 8 times, 
or 12 times. 

From these principles we may deduce the following, viz. 

(3) Any number is multiplied by 10 by annexing one 
cipher ; by 100 by annexing two ciphers ; by 1000 by annexing 
three ciphers, &c., e.g. 58 x 10 = 580 ; for by annexing the 
cipher the 8 units have become 8 tens, and the 5 tens have 
become 5 hundreds; i.e. the several parts of the multi- 
plicand have each received a tenfold increase, and thereforo 
the whole number has been multiplied by 10. 

§ 24. We can now proceed to explain the process of multi- 
plying any number by a single figUra; and then, of multi- 
plying any number by any other number. 

(a) Multiply 6789 by 5 ; and explain the process. 
' 6789 = 6 thousands + 7 hundreds + 8 tens + 9 units, 
we must thereforo multiply each of these parts by 5, and add 
together the results : 

C2 
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Now 9 units multiplied by 6 will gire 45 units. 

8 tens 40 tens. 

7 hundreds . . « « 35 hundreds. 
6 thousands . . . . 30 thousands, 
writing these results in the ordinary way, and adding them 
together we have 45 units = 45 

40 tens = 400 

35 hundreds = 3500 
30 thousands = 30000 

and Bum of these, which is the required pro^^ic^, is 33945 

To shorten this form in practice it is sufficient to write the 
multiplier imder the multiplicand, and to multiply each deno- 
mination, imits, tens, hundreds, &c., seyerally by 5, carrying 
whenever it is necessary to the next highest denomination : e.g, 

6789 
•5 



33^45 
Five times nine, 45 ; write down the 5 and carry 4 to the 
place of tens; five times eight 40, and 4 are 44 ; write down 
the 4 and carry 4 to the place of hundreds ; five times seven 
35, and 4 are 39; write down 9 and carry 3 to the place of 
thousands ; five times six 30, and 3 are 33 ; write down 3 in 
the place of thousands, and 3 in the place of ten thousands. 
In performing the operation, however, use as few words as 
possible in practice. 

O) Multiply 6789 by 2345, and explain the process. 
The multiplier 2345 may be separated into 
2000 + 300 + 40 + 5 ; if then we multiply the multiplicand by 
each of these parts and add the results, we shall obtain the 
product required : 

Now 6789 X 5 = 33945 
6789 X 40 «= 271560 
6789 X 300 = 2036700 
6789 X 2000 = 13578000 

and the sum of all these is 15920205, which is the product 
required. 

If the ordinary method of performing this operation be 
compared with the detailed process here given, it will be ob- 
served that by arranging the figures in the second lin^ of 
multiplication one place to the left of those in the first, those 
in the third one place to the left of those in the second, and so 
on, we retain the figures in each line in their proper places 
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witfaout the addttum of the dphen si the end of eadi line, 
ihe abbferiafted finrm standing in pnctioe aa follows : 

6789 
2345 

33945 
27156 
20367 
13 578 
15920205 

S25. (1) 7%e product of two numben is ths warns if 
the multiplicand and multiplier be reversed: e.g. 5 timss 
27=27 times ^. 

For 5 timea ^7 means thai 27 is to be taken 5 times. Now 
if we had 5 groups each oontaining 27 things, that wonld be 
27 taken 5 times; and if we took one ont of each of these 5 
gnrapSyand arranged them when so taken in a group bjthem- 
selves, we should hare a group of 5; and this i»x)oess might 
be 27. times repeated before the original 5 groups would be 
an exhausted, and then we should have 27 new groups^ each 
containing 5 things, or we should hare 5 taken 27 times. And 
since there are in each case the same number of things taken, 
i.e. since ihe product is in each case the same^ we see that 

5 times 27 = 27 times 5. 

(2) The product of two numbers is said to be a multiple 
of both multiplier and multiplicand 

For since 5x3=3x5= 15, the product 15 contains exactiy 
3 fires or 5 threes ; and 15 is called a multiple of 5 and 3; for 
15 contains both 5 and 3 an exact number of times. Hence 

D^, A multiple of two numbers is a number which con- 
tains each of the two numbers an exact number of timea 

A common multiple of several numbers is a number which 
contains each of the seyeral numbers an exact number of 
times. 

The least common multiple of seyeral numbers is the least 
number which contains each of the seyeral numbers an exact 
number of times. 

(3) The multiplic€Uion qf one number by a second, and 
of that product again by a third number , is equivalent to 
one multiplication by tlie product of these two midtipliers; 
e.g. the multiplication of 15 by 3 and of that result by 4^ will 
be the same as the multiplication of 15 at once by 12* 
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For 15 X 3=45, whence we may say that forty-five contains 
15 exactly 3 times ; therefore 4 forty-fives will contain 15 four 
times as often, or 4 times 3 times, or 12 times. 

The same thing may be exhibited thus : 

15x3x4=45x 4=180 
15x3x4=15x12=180. 

(4) The result of the multiplication of one number by a 
second, and of that product again by a third number is called 
the contintied product of the three numbers: e.g, 

2x3x5 = 6x 5 =30, 
where 30 is the continued product of 2, 3, and 5. 
Also, since 2x3x5=2x15=30, 

we see that 30 contains each of the numbers, 2, 3, 5, 6, and 15 
an exact number of times ; therefore 30 is a common multiple 
of 2, 3, 5, 6, and 15. Likewise as no number less than 30 will 
contain all the numbers 2, 3, 5, 6, and 15, an exact number of 
times, 30 is the least common multiple of these numbers. 

The simplest process for verifying the correctness of multi* 
plication is perhaps the following: 

Add together all the digits of the multiplicand ; then add 
together the digits of the resulting number ; and so on, until 
by such successive additions a single figure is arrived at. 
Next add together the digits of the multiplier ; and add the 
digits of the resulting number ; and so on, until a single figure 
is arrived at Multiply together the single figures thus ob- 
tained from the multiplicand and multiplier ; and reduce the 
result by successive additions to a single figure. Call this the 
first resulting figure. Then add together, in a similar manner, 
the digits of the product of the original numbers ; and by 
successive additions reduce this also to a single figure. Gall 
this the second resulting figure. When the first resultitag 
figure tallies with the second resulting figure, the work may be 
presumed to be correct For example^ let the multiplicand 
be 78596, let the multiplier be 7619, and let it be assumed 
that the product is 60440324. To test the accuracy of this, 
say, . 

7 + 8 + 5 + 9 + 6«35; 3 + 5 = 8; 

7 + 6 + 9 = 22; 2 + 2=4; 
8 X 4 = 32; 3 + 2 = 6; 
ihis %% the first resulting fi^gure. 
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Then 6 + 4 + 4 + 3+2 + 4 =23; 2 + 3 = 6; 
this is the second restdting figuref—^ssA. as these correspondy 
the work is presumably corrects 

This method, like the ordinary process of ^ casting out the 
nines," (upon the principle of which, indeed, this is based,) is 
not an infallible test of accuracy ; but it forms a very useful 
practical check in long calculations. 

§ 26. We have seen that we can add together concrete 
quantities as pounds, &c., and that we can subtract such 
quantities one from the other ; we cannot however multiply 
them together; to attempt to multiply together pounds and 
pounds is to attempt an impossibility. It is a common error 
nevertheless to suppose that £,fi multiplied by ^£2 gives as a 
result JCIO ; but from the definition of multiplication, wliich 
requires that one quantity should be taken as.man^ times as 
there are units in the other, it will be seen that to take j£5 
"" tvDO pounds times ** is mere nonsense ; we can take £6 two 
timesy and the result will be ^10 ; that is to say, we can mul- 
tiply any concrete quantity by any abstract number; but no 
concrete quantity can be multiplied by another concrete 
quantity, whether of its own, or of any other denomination: 
that is to say, in multiplication the multiplier must always 
be an abstract number; the mtdtiplicand may be either 
abstract or concrete ; but if the multiplicand be concrete, the 
product must also be concrete. There is a seeming exception 
to this rule, where feet multiplied into feet give square feet, 
but this will be explained below, in the rule of cross multipli- 
cation. Hence so-called compound multiplication consists of 
the multiplication of concrete quantities by abstract numbers, 
i,e, of the repetition of concrete quantities a certain number 
of times. 

^ Ex. 1. Requh-ed to multiply ^17. IBs. 9d, by 8, and to 
explain the process. 

Multiplying the several denominations by 8 we obtain 

£ 9. d. 

17 „ 18 „ 9 

8 

136 „ 144 „ 72 

Here we observe that 72 pence make 6 shillings, writing in 
the place of pence, and carrying 6 to the place of shillings we 
have 150 shillings; but 150 shillings make £1 and 10 shillings; 
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writiDg 10 in the place of shillings and carrying 7 to the 
pounds, we have 143 pounds; hence the product in its simplest 
form is ^£143. lOs. Od. 

Bx. 2. Multiply ^23. *!s, lid. by 63. 

Sinca 9 times 7 is 63, if we here multiply the giren quan- 
tity by 9 and by 7 sucoessiyely, i.e. multiply ^23. 7s. lid. by 
9, and then multiply that result by 7, we shall by that means 
effect the multiplication by 63 : hence, 

£ 9. d, 

23„ 7„11 
9 

210^11,, 3 

7 



£1473,, 18 „ 9 

Ex. 3. Multiply £106. 10». 2d. by 39. 

Since 6x6+3=39, 

if we multiply the giren sum of money by 6, and then that 
result by 6, and to that continued product add 3 times the 
original sum of money, we shall obtain the product of £105* 
108. 2d. and 39. 

£ i. d. 

105 „ 10 „ 2 X 3 

6 

633 „ 1 „ O=product by 6 
6 



3798,, 6„0=productby 36 
316 „ 10 „ 6 = product of top line by 3 

£4114 „ 16 „ 6 b product by 89. 

The multiplication of large sums of money is rendered 
more easy by certain processes which are explained under the 
Rule of " Practice." 

§ 27. DIVISION (from divido, I part asunder) is gene- 
rally defined to be a shortened form of performing subtrac- 
tion ; when we require to know how often one number called 
the divisor may be subtracted from another called the divi- 
dend; the number which expresses the number of times the 
subtraction may be repeated, is called the Quotient, (from 
quoties, how many times /) 
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We may howoTer define divisioii more generally as the 
convene qf muUiplication. We have seen that there is only 
one form of multiplication; we can only require that any 
quantity should be taken a certain number of times; and 
although the multiplicand may be either abstract or concrete, 
yet the multiplier must of necessity be abstract. But when 
we come to the conrerse operation, we shall see that there 
are two different forms in which it may be required to be 
done; we may, for instance, either wish to know how many 
times 6 can be subtracted fh>m 24; or we may wish to sepa- 
rate 24 into 6 equal parts: similarly, in concrete quantities, 
we may either wish to know how many sums of £6 each there 
are in ^24, or we may wish to divide ^24 into 6 equal parts. 
Now in either of these cases we know tYiQ product: but when 
we ask how many times 6 can be subtracted from 24, or how 
often £Q can be subtracted from ;£24, we have the mtUtipli- 
cand given, and are to find the miUtiplier; when we wish to 
divide the number 24, or ^24^ into 6 equal parts, we have the 
fmUtiplier given to find the multiplicand. If therefore we 
define division as a method qf performing a series of sub- 
tractions, we only include the former of these processes; 
whereas by defining it as the converse of multiplication^ both 
are included. 

The explanation of the process, however, need only refer 
to one of these cases, as we know (cf. § 25. 1) that it makes no 
difference in the product if we transpose the multiplier and 
multiplicand, i, e, that 6 x 4= 24, as well as 4 x 6 = 24. Hence 
the simplest process of division would be that of successive 
subtractions : e»g, to divide 24 by 6, subtract 6 from 24, and 
then subtract 6 from the remamder, and then 6 from that re- 
mainder; and so on, until the remainder is either nought, or 
less than 6 ; then the numher cf subtractions which have 
been made will be quotient Thus, the quotient of 24 divided 
by 6 is 4, because 4 such subtractions could be made; the 
quotient of 25 divided by 6 is 4, with a remainder 1. 

In order to avoid the labour of repeated subtractions, we 
may lay down the following principle, viz, : that if we separate 
any dividend into any number of parts, and find how often the 
divisor may be subtracted from each of these parts, (or how 
often the <Uv]sor is contained, as it is called, in each of them,) 
we shall, by adding these results, obtain the correct quotient 
of the whole dividend divided by that divisor; because it is 
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evident that the wkole dividend mli contain the diTisor 9» 
many times as its several parts together contain it. 

Ex. !• Divide 3213 by 9, and explain the process. 

3213 may be separated into 3200 + 13; now 3200 contains 
9 more than 300 times : subtract 9 x 300, or 2700, from 3200, 
and there remains 500; so that the entire dividend now re- 
maining is 500 + 13; but 513 contains 9 more than 50 times; 
subtract 9 x 50, or 450, from 513, and there remains 63; but 63 
contains 9 exactly 7 times; subtract 9x7 from 63, and the 
remainder is 0. We have therefore made in all 300+50 + 7 
subtractions, or the quotient is 357. The form comn»>nly 
adopted depends upon the reasoning above stated, although 
it is shortened in practice by the omission of ciphers. 

The process of division may be shown to be the exact con- 
verse of that of multiplication by the following illustrations. 
First multiply 123 by 8 ; separate 123 into 100+20+3, and 
multiply each part by 8; they become 800 + 160+24, and 
these added together amount to 984. Now divide 984 by 8 : 
from 984 subtract 8 one hundred times; i.e. take away 800, 
leaving 184 as a remainder. From this remainder subtract 
8 twenty times, t.e. take away 160, leaving 24 as a remainder; 
from this remainder subtract S three times, i.e. take away 24, 
and there is no remainder. We may exhibit this in the follow- 
ing tabular form, where multiplicand, multiplier, and product^ 
answer respectively to quotient, divisor, and dividend: 

HolttpUcand. Multiplier. Product. 

(100 + 20 + 3) multiplied by 8 is 984. 

Piviaor. Dividend. Quotient. 

8} 984 (100 + 20+3 

800 

184 
160 

24 
24 





Again 456 x 78=400 x 78+50 x 78+6^ 78 

==31200+3900+468 
s 35568. 
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^ow let it be required to divide 35568 by 78. 

From 35568 
Subtract 78 x 400, or 31200 

4368= remainder after 400 subtrac- 
Subtract 78 x 50, or 3900 tions of 7& 

468= remainder after 50 more sub- 
Subtract 78 X 6, or 468 tractions of 78 

y 0= remainder after 6 more sub- 

tractions of 78, 
hence there have been 456 subtractions in all; or the quotient 
of 35568 by 78 is 456. 

The process called "Long Division** may now be easily 
explained: let it be required to divide 550974 by 1472, and to 
explain the operation : 

The dividend may be separated 1472) 550974 (300 + 70+4 
into 550 thousands, 9 hundreds, 441600 

and 74; now 5509 will contain 109374 

1472 more than 3 but less than 4 103040 

times: therefore 550974 will con- ^^^ 

tain 1472 more than 300 but less ^gog 

than 400 times. Subtract 300 — — , , 

times 1472 from the dividend, t.«. ^^ remamder. 

subtract 441600; and there remains 109374. Now 10937 con- 
tains 1472 more than 7 but less than 8 times; therefore 109374 
contains 1472 more than 70 but less than 80 times: subtract 
70 times 1472 from 109374, t.«. subtract 103040 ; and there 
remains 6334; lastly 6334 contains 1472 more than 4 but less 
than 5 times: subtract 4 times 1472, i,6, subtract 5888 from 
6334, there now remains 446, which is less than the divisor; 
and consequently no further subtractions can be mada Hence 
the quotient is 374, and there is a remainder 446. 

The form is shortened in practice by omitting the ciphers 
not only in the quotient but also in each successive subtra- 
hend: care being taken to keep the figures in each of these 
lines in their proper places without them; also by not bring- 
ing down all the figures in the dividend every time, but only 
those which from time to time are required to take part in 
the prooesa The term ^ remainder" is sometimes misunder- 
stood. It might be explained in the example just given that 
the dividend contains the divisor more than 374, but less than 
375 times ; so that^ after 374 subtractions of the divisor, there 
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is left the number 446, which is not sufficiently lai^ge to con- 
tain the divisor once, and is therefore written as a remainder. 

446 
To say that the correct quotient is 374-r-T=^ would be to 

anticipate an acquaintance with fractions. 

The correctness of any sum in diyision may be proved by 
multiplying together the divisor and qitotient and adding to 
their product the remainder: if this produces the original 
dividend^ the operation has been correctly performed. 

§ 28. We have stated O^n subtraction § 21) that thd 
difference between two numbers may be obtained by writing 
down what must be added to the less to make it equal to the 
greater. By adopting this process in division, we may com- 
bine in one row of figures the two processes of multiplication 
and subtraction ; that is to say, instead of writing down at 
length each product of the divisor multiplied by the several 
figures of the quotient and then subtraeting, we may mentally 
multiply each figure of the divisor, and write down as we pro- 
ceed only what must be added to it to make it equal to the 
corresponding figure in the minuend; e,g, in dividing 35861 by 
763 the process will stand as follows: 

763) 35861 (47 
5341 
000 

Where the first step is to multiply 763 by 4 and at once 
subtract the result from 3586; these combined processes are 
effected thus: '*4 times 3 are twelve; 12 and four are 16; 
''4 times 6 are 24 and 1 carried (because 16 is more than 10) 
^ are 25 ; 25 and three are 28 ; 4 times 7 are 28 and 2 carried 
''are 30; 30 and five are 35." Only the figures printed in 
italics are written down; and the 1 fh)m the upper line being 
brought down we say again, (this time using fewer figures in 
the process, and i>erforming each step of the multiplication 
mentally,) ''21 and nought are 21, carrying two; 44 and 
nought are 44, carrying four; 53 and nought are 53." 

It is well to suppress as many figures as possible in this 
process, arriving at the results of multiplication mentally 
without saying " 7 times 3 are 21," &c., and working rather as 
in the second line of the above example than as in the first, 
where for the purpose of explanation a process more full than 
otherwise necessary is adopted. 
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This oompendious method of division is worthy of attention 
both for its clearness and for the saving of trouble which it 
effects ; other examples are subjoined^ the ordinary process 
being set side by side, that it may be seen how many figures 
are saved by the shorter form. 



Ex. I. Divide 169902d276 by 4567283. 



Compendious Method, 
4567283) 1699029276 (372 
32884437 
09134566 
0000000 



Ordinary Process, 
4567283) 1699029276 (372 
13701849 

32884437 
31970981 



9134566 
9134566 



N.B. In this and in the following example the figures 
brought down are printed in bold type. 

Ex. 2. Divide 431135173 by 738245. 



Compendious Meth>od. 
738245)431135173(584 
6201267 
2953073 
000093 



Ordinary Process. 
738245)431135173(584 
3691225 

6201267 
5905960 



2953073 
2952980 



93 

N.B. The examples )n division worked out in the re- 
mainder of this book will be generally exhibited in the com- 
pendious or shorter form. 

§ 29. As we can multiply any quantity by 3 and then 
multiply that result by 5, instead ef multiplying at once by 15, 
so instead of dividing at once by 15, it would be the same 
thing to divide first by 3 and then divide this result by 5 ; only 
observing that care must be taken in such a case to obtain the 
correct remainder: e,g, divide 6869 by 3 and 5 successively, 
instead of dividing at once by 15, 



2 
5 



6869 



2289 rem . 2 
457renL 4 
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Now the remainder 2 in the first quotient is 2 units of the 
upper line; that is, it is 2 ordinary units : but the remainder 4 
in the second quotient consists of 4 units of the second line; 
HX^d as each unit in the second line is three times as great as 
each unit in the upper line, the remainder 4 is equal to 3 x 4 
units of the upper line, i.e, is equal to 12 ordinary units; 
hence the whole remainder is 2 4- 12 ; or is 14. 

Ex.2. Divide 24533279 by 432. 

Since 6x8x9=432, we may divide successively by these 
numbers, 



6 
8 
9 



24533279 



4088879 rem. 5 



511109 rem. 7 



56789 rem. 8 

Here the first remainder consists of 5 units of the upper 
line, or of 5 ordinary units; but as each unit in the first 
quotient, t.<f. in the second line, is 6 times each unit in the 
first ^line, the remainder, after the second quotient has been 
obtained, consists of 7 units, each of which is 6 timef as large 
as the units in the first line; that remainder therefore it 6 x 7, 
or 42. Similarly the remainder after the third quotient con- 
sists 0^8 units which are 8 times 6 times as large as the units 
in the first line ; and this remainder therefore is 384. Hence 
the true remainder is 384 + 42 + 5 or is 431. To find the true 
remainder, therefore, it is necessary to midtiply the remain- 
ders after every line by all the preceding divisors except 
their owny and add the results. The quotient and remainder 
obtained in this case may be compared with those obtained 
by long division, using the compendious process: 

432) 24633279 (56789 
2933 
3412 
3887 
4319 
431 

§ 30. Although, as we have seen, we cannot mtdliply one 
concrete quantity by another, yet we can divide one concrete 
quantity by another of the same denomination. Observe, 
however, that ;£10 divided by £2 does not give £5 as a quo- 
tient, but the abstract number 5 ; and that just as £6 taken 
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imoe gires.^lO, so ^10 contains ^2 exactly 5 times. There- 
fore if we divide any concrete quantity by any abstract num- 
ber, the quotient is a concrete quantity; but if we driride 
any concrete quantity by another concrete quantity of the 
same denomination, the quotient is an abstract number* 

Ex. 1. Divide ^20 „ 4^. „ 10^. into 7 equal parts, 

£ i. d. 
7) 20 „ 4 „ 10 

£2 „ 17 „ 10 

Here the quotient obtained by dividing £20 by 7 is £2, 
with a remainder £6 ; bring £6 into shillings, and add the 
120 shillings so obtained to the 4 shillings in the dividend ; 
divide the 124 shillings by 7 ; the quotient is 17 shillings with 
a remainder 5 shillings ; bring 5 shillings into pence, and add 
the 60 pence to the 10 pence in the dividend; divide the 70 
pence so obtained by 7, and the quotient is 10 pence. Hence 
the entire quotient is £2 „ 1*7 s. „ lOd. 

Ex. 2. Divide ^£31 „ 8*. „ 8d. by £3 „ 18#. „ 7d, We must 
£rst bring both dividend and divisor to the game denom%n<i- 
tiorif viz. to pence, before the division can be effected ; there^ 
fore 

£ i. d. £ s. d. 

3 n 18 „ 7 31 „ 8 „ 8 
20 JO 

78 628 

12 12 



943 ) 7544 (8 

7644 

Here the quotient is the abstract number 8, or the divi^ 
dend contains the divisor exactly 8 times. 

Ex. 3. Divide £814 „ I3s, „ Id, between 61 men« 

£ 8. d. 
61) 374 „ 13 „ 1 (6 
008 
20 

173 (2 
061 
12 

I 613 (10 

003 
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Each man would receive £6 „ 28, „ lOd, ; and there would be 3^. 
remaming, whicb it would be impossible actually to divide 
among them. The share of the three pence belonging to each 
man could only be expressed as a fraction of a penny, namely, 
as ^x^ 

Ex. 4. Diyide £125 „ 2s. „ 6d. by 56. 

We may divide by factors in compound division also, if 
sare be takei^ to apply the rule already given for finding the 
correct remainder. 

£ 8, d. 

7 ) 125„2„5 

8 ) 17 17 5 — 6 
£2 4 8 — 1. 

Hence 1 x 7 + 6 = 13, and there are 13 pence remaining. 

EXEBOISB II. 

1. Add together the following numbers : 

(1) 9999, 888, 77. 

(2) 700653, 8949, 56735. 

(3) 1568090, 7906, 150986, 289. 

(4) 6895437, 17268, 5743986, 2671. 

(5) 3678963, 2301530, 1010506, 1567376, 1441625. 

(6) 47667395, 56783962, 78975783, 69894697, 85679876. 

2. Subtract 

(1) 2498 from 5673. 

(2) 4782 from 8996. 

(3) 487465 from 756051. 

(4) 99999 from 100001. 

(5) 10123589 from 98532101. 

(6) 342689678 frQm 713241361. 

3. From eight million, five hundred and thirty-two thou- 
sand, one hundred and five, subtract six million, seven hun- 
dred and sixty-four thousand, nine hundred and eighty-three ; 
and then subtract from the remainder one million seven hun- 
dred and fifty-six thousand, one hundred and twenty-two. 

4. Subtract sixty-nine million, seven hundred and eighty- 
four thousand, seven hundred and thirty-nine, from seventy- 



< 
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two million, five hundred thonsand, six hundred and ninety- 
one ; and then from the remainder subtract two million, seven 
hundred thousand, nine hundred. 

5. Multiply 

(1) 56789 by 64 (2) 857943 by 978 

(3) 2785693 by 5379 (4) 4579301 by 40067 
(5) 764532 by 8469 (6) 66554433 by 227788. 

6. Divid© 

(1) 456 by 13 (2) 1520370 by 3764 

(3) 3632042225 by 7856931 (4) 173286295046 by 8534589 

(5) 69224660505 by 7683945 (6) 4770011800 by 536726. 



Exercise III. 

1. Add together 4563 and 7948, and explain the reasons 
of the process. 

2. What must be added to the sum of £5 „ 1^«. „ 6d, and 
£7 „ lbs, „lid, in order to make the total equal to X20 ? 

3. Subtract 7895 from 8234. 

In what different ways could the operation be performed ? 
Give reasons for the method you adopt ; and prove the cor- 
rectness of the answer. 

4. Subtract £3562 „ 19«. „ Id. from ^£4571 „ IZs. „ 2d. 
and explain the principle of the method commonly employed. 

5. Multiply 2685 by 748. 

Explain the meaning of the word multiplication ; and state 
the principles upon which the process ordinarily adopted de- 
pends. In the above instance give a detailed explanation of 
the several steps by which the result is arrived at, and test its 
correctness. 

6. Multiply £78 „ 4s, „ 9d by 64. 

7. Divide 1101948 by 2974; find the quotient and the 
remainder ; explain the operation, and prove the result. 

8. In an ordinary V>ng division sum the divisor was 1472, 
the quotient was 374, and the remainder 446 ; what was the 
dividend ? 
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9. How many times does £120 „ 9s, „ 2d, contain 
£i7„U,„2d.1 

10. What will remain after subtracting 4093 as often as 
possible from 143256 ? 

11. If the multiplier be 2036 and the product 8764980, 
what is the multiplicand ? 

12. Show that a number is multiplied by 10 by the addition 
of a cipher to the right 

13. If the divisor be twice the quotient, and the quotient 
thrice the remainder, find the dividend when the remainder 
is 99. 

14. Show that if the sum of 23 and 19 be added to the 
difference between 23 and 19 the result is twice 23 ; but if the 
sum of 23 and 19 be diminished by the difference between 23 
and 19, the result is ticice 19. 

Assuming that what is here proved true for the particular 
numbers given is generally true for all numbers, enunciate in 
words the general proposition which may be deduced. 

15. Multiply £6 „ 4s. „ 2d, by 24, by multiplying it first by 
G and then multiplying that result by 4. 

16. In a similar way multiply £16 „ I5s, „ 4d, by 32. 

17. Observing that 3 x 5 x 7 = 105, employ short division to 
divide 4796292 by 105 ; find the true remainder, and explain 
the process by which it is obtained. 

18. At a certain house of business the sums of money re- 
caived and paid away daily throughout a week were as follows 
Monday, receipts, £lO*IS „ ISs. „ 4d., payments, ^£562 „ I8s. „ 9d. 
Tues. receipts, £987 „ I5s. „ 3d, payments, £739 „ 17 s. „ 5(1 
Wed. receipts, £864 „ Us, „ lid., payments, £947 „ 16*. „ lid, 
Thurs. receipts, £9376 „ 19*. „ 2d., payments, £1073 „ 16*. „ Qd. 
FrL receipts, £786 „ 17*. „ 6rf., payments, £693 „ 0*. „ 7d. 
Sat. receipts, £1240 „ 0*. „ lOd, payments, £892 „ 11*. „ Id. 
What was the excess of the total receipts over the payments 
during the week 1 

19. What virill be the cost of 1000 quarters of wheat at 6.1*. 
]fer quarter? And how many quarters n&y be bought for 
£4687 „ 17*. at the same price ? 
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20. If it cost £14600000 annually to support a standing 
army of six hundred thousand men, what is the average daily 
cost of each mui ? 

21. Bought 40 articles at 128, 6d, each, and 60 more of the 
same kind for 15«. 6d, each ; required the whole cost, and the 
average price of each articla 

22. If 140 sheep cost £IS9 „ 3s. „ 4d., what is the price 
per scord ? 

23. Employ the " compendious process of diyision" in divid- 
ing (1) 170766 by 4899. (2) 32016768 by 31024. (3) 202611423 
by 467362. 

24. Explain why it is impossible to multiply together £2 
and £3. Of the three quantities £3, 10 yards, and £6, explain 
in how many ways it is possible to multiply the quotient of 
two of them by the third quantity. 



CHAPTER III. 

SOME PEAOTIOAL METHODS OF SHORTENING LABOTTS IN THE 
FUNDAMENTAL BULES OF AEITHMETIO. 

§ 31. (1) Since to multiply by 5 is to multiply by half ton, 
therefore to multiply any number by 5 add to it 0, which 
multiplies it by 10, and then divide by 2 : Thus 466789 x S in 
the same as 4567890 -r 2 ; and we obtain the product of 456789 
multiplied by 5 as follows : 

2) 4567890 

2283945 

(2) Similarly, since 100 ^ 4 = 25, and 1000 -t- 8 = 125, to 
multiply by 25 add two ciphers and divide by 4 ; to multiply 
by 125 add three ciphers and divide by 8. 

e.g, the product 7854 x 25 may be obtained thus : 

4) 785400 

196350 

The product of 53267 x 125 may be obtained thus : 

8) 53267000 

6658375 

d2 
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(3) Nino times any number is one less than ten times ; 
therefore to any number add 0, and sabtract the original 
number : the result wifl be the number multiplied by nine. 

Thus : 45376 x 9 is the same as 453760 - 45376, which is 
408384. 

(4) The multiplication by 11 may be effected by adding a 
cipher, which multiplies by 10, and then adding the juultipli- 
cand ; thus the product of 94872 x 11 is found as follows: 

948720 
94872 

1043592 

(5) The multiplication by any number from 12 to 19 in- 
elusive, may be effected in one line as follows : multiply by the 
figure of the multiplier in the units' place, and to the number 
to be carried add the figure of the multiplicand just multiplied ; 
e.g, multiply 6378 by 19 : 

6378 
19 

121182 
The operation being performed as follows : 

9 times 8 are 72 ; sot down 2 and carry 7 ; 

9 times 7 are 63, and 7 (carried) 70, and 8 (back figure) 78, 
set down 8, and carry 7 ; 

9 times 3 are 27, and 7 (carried) 34, and 7 (back figure) 41, 
set down 1, and carry 4 ; 

9 times 6 are 54, and 4 (carried) 58, and 3 (back figure) 61, 
set down 1, and carry 6 ; 

6 (carried) and 6 (back figure) 12, set down 12. 

The reason will appear obvious if we compare the usual 
form of the operation. 

6378 
19_ 

67402 
6378 



121182 



This back figure system^ as it is sometimes) called, may be 
extended to numbers between 20 and 30, and between 30 and 
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40, by adding to the nninber to be carried the double or the 
treble of the figure of the multiplicand jnat multiplied. 

(6) AVhen we can see that the multiplier may be separated 
into certain numbers, of which the largest is a multiple of the 
next below it, and that again a multiple of the next below it, 
and so on, we may perform an apparently long multipli- 
cation sum in a few lines ; e,g, let it be required to multiply 
234567891 by 118813212, using only three lines of multi- 
plication, 

1 18813212 := 1 18800000 + 13200 + 12 

» 13200 X 9000 4^ 13200+12 
s: 13200 X 9000+ 12 x 1100+ 12. 

Hence if we multiply the given number 234567891 by 12, 
then multiply that result by 1100, and then that result by 9000, 
we shall haye multiplied it successively by 12, 13200, and by 
118800000; and if we add together these three results, we 
shall obtain the product of 234567891 multiplied by 118813212, 
the operation will be aa follows : 

234567891 
12 

2814814692 
1100 



3096296161200 

9000 



27866665450800000 

Adding these three lines we have 

27866665450800000 

3096296161200 

2814814692 

27869764561775892 

(7) Smce 4x25 is 100, and 8x125 is 1000, the division by 
25 will be effected by multiplying the dividend by 4, and cut- 
ting off the last two figures from the product, in order to di- 
vide it by 100 ; and the division by 125 will be effected by 
multiplying the dividend by 8, and cutting off the last three 
figures from the product. In each case the figures ctU off, 
when divided respectively by 4 or by 8, will be the remainder, 
and those 10 will be the quotient. 
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e.g. Divide 6934 by 25 ; and 78451 by 125. 

6934 
4 



277,36 

therefore quotient is 277 with remainder 9. 

78451 
8 

627,608 

therefore 627 is the quotient, with remainder 76. 

To divide by 9, by 99, by 999, or by any number of nines, 
cut off from the right hand of the dividend as many figures as 
there are nines in the divisor ; write the figures standing on 
the left of those cut off undor the original dividend, and again 
cut off as many figures as there are nines in the divisor ; repeat 
this as often as the number of figures in the dividend admits ; 
add the results : the sum of the figures ctU off is the remainder, 
the sum of the figures on the left of those cut off is the 
quotient 

If in the addition there be any number carried to the units* 
place of the figures forming the quotient, add the number 
carried likewise to the remainder (as in Ex. 2, where one is 
carried). If the sum of the figures cut off be all nines, add 
one to the quotient, and there is no remainder (as in Ex. 3). 

Ex.1. Divide 671117 by 99. 

671117 
5711 

67 



5768 



85 



Hence quotient is 5768, with remainder 85. 

Ex.2. Divide 123456789 by 999. 

123456 789 



123' 



123580 



123580 



456 
123 

368 
1 



369 



Here quotient is 123580, with remainder 369. 
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Kx. 3. Divide 7864643457 by 9999. 



786464 

78 

786542 
1 



3457 

6464 
78 

9999 



786543 quotient, no remainder. 

The reason of this is as follows; whateyer number of 
hundreds any dividend contains, it contains an equal number 
of ninety-nines, together with an equal number of units. Thus, 
in Ex. 1, 571117 contains 5711 hundreds, with a remainder 17. 
It therefore contains 5711 ninety-nines, together with 5711 
units, besides the remainder 17. Again, these 5711 units con- 
tain 57 hundreds, with a remainder 1 1 ; they therefore contain 
57 ninety-nines together with 57 units, besides the remainder 
11 ; consequently the original dividend contains 99 altogether 
5711 times and 57 times, that is, 5768 times; while the re- 
mainders are 17 + 11 + 57, which makes 85. 



CHAPTER IV. 

QREATEST COMMON MBASITEB AND LEAST COMMON MULTIPLE. 

§ 32. In chap. 2, page 21, we used the term mtdtiple; this 
we now proceed to explain more fully in connexion with the 
term measure, 

Def, One number is a Meamre of another, when it mea- 
sures j i.e, divides that other an exact number of times. 

Dff, A Comm>on Measure of several numbers is a number 
which divides each of the several numbers an exact number of 
times. 

Dtf. The Greatest Common Measure (o.cm.) of seveml 
numbers is the greatest number which divides each of the 
several numbers an exact number of times. 

D(f, One number is a Multiple of another when it can- 
tains, %,e. can be divided by, that other an exact number of 
times. 



40 G. C. M. AND L, C. M. 

2></! A Common MtUtiple of seyeral numbers is a number 
which contains each of the several numbers an exact number 
of times. 

D(if, The least common multiple (l. o. m.) of several num- 
bers is the least number which contains each of the several 
numbers an exact number of times. 

The terms Measure and Multiple are thus related ; since 5 
is a measure of 15, therefore 15 is a multiple of 5 ; here 5 is 
said to measure 1.3 by the units in the quotient 3. 

By *'an exact number of times'' in the above definitions is 
meant that the division is effected tcUkout any remainder, 

Drf, Every number divisible by itself and unity alone is 
called a prime number. 

2>4/*. When two or more numbers have no common mea* 
sure but unity, they are said to be prime to each other, 

Dtf, A number which is divisible by other numbers be- 
sides itself and unity is called a composite number. 

Hence a composite number is one composed of the product 
of 2 or more prime numbers : e.g, 6 is the pixnluct of 2 and 3 ; 
12 the product of 2, 2 and 3. 

D^/*. The Factors of a number are those which being 
multiplied together produce that number: e,g, 6 and 7 are 
the factors of 35. . For although in strictness 5, 7 and 1 mul- 
tiplied together give 35, yet it is usual to exclude unity when 
speaking of factors. 



GREATEST COMMON MEASURE. 

§ 33. To find the Greatest Common Measure of two quan- 
tities. 

The Rule is as follows : divide the greater number by the 
less, divide the less by the remainder, divide that remainder 
by the next remainder; and so on, until the remainder is 
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or 1 ; when the remainder u 0, ih« last remainder tued as a 
divitor is the O, C, M. When the remainder ie 1, theffiven 
quantities have no comm/m measure ewc^t unity, i,e, they 
are prime to each other. 

The process will be best understood by an example ; let it 
be required to find the G. o. m. of 816 and 561. 

661) 816 (1 
661 

255) 561 (2 
510 

51) 255 (5 
255 

• • • 
or using the compendious form 

561) 816 (1 

255) 561 (2 

51) 255 (6 
000 

Hence 51 is the g. o. m. required. 

Ex. 2. Find the G. o. m. of 22743 and 15827. 

15827) 22743 (1 

6916) 15827 (2 

1995) 6916 (3 

931) 1995 (2 

133) 931 (7 
000 

Hence 133 is the G.a m. required, 

Ex. 3. Find the o. o. m. of 273 and 935. 

273) 935 (3 

116) 273 (2 

41) 116 (2 

34) 41 (1 
7) 34 (4 
6)7(1 
1 

Therefore the given numbers hare no common measure 
except unity, or are prime to each other. 
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Since each remaiiider becomes in torn a dlYiaor, tlie procens 
may be neatly exhibited in a shortened form. After the first 
step in the division, in order to avoid writing the figures over 
again, we may divide the first divisor at the top by the re- 
mainder standing below, working backwards as it were, and 
placing the new qaotient to the left of the first divisor : then 
after taking the next step forwards in the ordinary way, we 
may again work backwards, dividing by the next lower re- 
mainder. Exhibiting in this form the three examples jost 
given, the process will stand in each case as under : 



561 


816 


1 


51 


255 
000 


5 



561 is contained once in 816, with a remainder 255 ; 255 is 
contained in the 561, standing above it to the left, twice, witli 
a remainder 51 ; 51 is contained five times in 255, with no 
remainder. 



2 




15827 


22743 




1 


2 


1995 


6916 


3 




133 


931 


7 






000 




2 


273 


935 


3 


1 


41 


116 


2 


1 


7 


34 


4 






1 


6 







§ 34. To find the o. o. m. of three or more numbers. 

The Role is as follows : Find the G, C. M. qf two qf tlie 
given numbers; then the G. CM. qf the first G. C M, ob- 
tained and qf the next number; and soon; the last G. C, M, 
obtained is the G, C. M, qfall the given numbers, 

Ex. 4. Find the o. o. m. of 2720, 5168, and 357. 

2720) 5168 (1 

2448) 2720 (1 

272) 2448 (9 
0000 

Le, 272 is the 6. c. m. of 2720 and 5168. 
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^ext find the o. o. m. of 272 and 357. 

272) 357 (1 

86) 272 (3 

17) 85 (5 
00 



therefore 17 is the a. cm. of the three nombers 2720, 5168 
and 357. / 



LEAST COMMON MULTIPLE. 

§ 35. To find the least common mnltiple of two nnmbers. 

If the two numbers be prime to each other, the least num- 
ber which will coutain them both is their product; but if they 
each contain several common factors, their product divided by 
the product of the common factor is the l. c. m. ; hence the 
L. c. M. of two numbers is found by dividing their product by 
their o. o. m. It will therefore be sufficient in practice to find 
the O. C. M, qf the two numbers, to divide one qf the given 
numbers by this G, C. M.y and to multiply together the quo- 
tient and the other qf the given numbers; this product is the 
If, C. M. qfthe two original numbers, 

Ex. Find the L. o. m. of 336 and 378. 

We find that the o. c. m. of the two numbers is 42 ; and by 
dividing 336 by 42, we obtain a quotient 8 : hence, as 8 multi- 
plied by 378 gives 3024, we find the L. o. M. of 336 and 378 to 
be 3024, which number will contain 336 exactly 9 times^ and 
378 exactly 8 times. 

§ 36. To find the l.o.m. of three or more numbers. 

Let it be required to find the l.o,m. of 240, 378, and 1716. 
First find the l.c.m. of 240, and 378: this will be found^ 
by the process given above, to be the product of the two 
numbdrs divided by their g.c.m. i.e, to be (240 x 378) -r- 6, or 
40x378, or 1510. Next find the l.o.m. of 15120 and 1716: 
this will be found to be (15120 x 1716) -^ 12, or 1260 x 1716, 
or 2162160 ; which is the L.O.M. of the three given numbers. 
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§ 37. Hitherto we have only gone tbroogh the orotiuary 
processes for finding the o.o.m. of tvo or of more numbeFS, 
and for finding the l. o. m. of two or of more numbers. When 
however we come to examine more closely the reason for the 
processes adopted, we shall see that in practice they may 
often be shortened with advantage. 

The principle of finding the 6. air. of two numbers de- 
pends upon the following axioms: (1) A measure of any 
number is also a measure of any multiple of that number. 
(2) A measure of each of two numbers is also a measure of 
their eum or difference. 

Now if it be required to find the e.aM. of 2652 and 19635, 
the operation at full length will be 

2652) 19635 (7 
18564 

1071) 2652 (2 
2142 

510) 1071 (2 
1020 

61) 510 (10 
510 

• • • 

Here 18564 is a multiple of 2652, and 2142 is a multiple 
of 1071 ; and 1020 is a multiple of 510. 

Therefore every number which is a common measure of 
2652 and 19635 is a common measure of 18564 and 19635 ; 
and therefore is a measure of their difference 1071 ; and 
henoe is a common measure of 2652 and 2142 ; and therefore 
is a measure of their difference 510 : and hence is a common 
measure of 1071 and 1020; and therefore is a measure of 
their difference 51. 

Also, 51 measures 510, and therefore measures 1020, there- 
fore measures 1020 + 51, or 1071 ; therefore measures 2142, 
therefore measures 2142 + 510, or 26 ')2; therefore measures 
18564, therefore measures 18564 + 1071, or 19635. 

Thus we have proved that every common measure of 2652 
and 19635 measures 51 \ and likewise that 51 measures 2652 
and 19635. 
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But 51 18 tho greatest measure of itself. 

Therefore 51 is the greatest common measure of 2652 and 
19635. 



§ 38. In this proof it is to be observed that the process is 
not that of ordinary long division ; the quotients are of no 
importance to the result, and in fact we are only finding the 
difference between a larger number used as a dividend, and a 
mtdtiple of a smaller number, used as the corresponding 
divisor. This multiple therefore need not always (as in divi- 
sion) be less than the dividend ; and it will be sufficient in 
practice to find the difference between the dividend and the 
nearest multiple of the divisor, whether that multiple be 
greater or less than the dividend* Attention to this will 
sometimes shorten labour in the oi)eration: e,g. take Ex. 3, 
p. 41, and find the a. o. m. of 273 and 935 ; the operation may 
stand thus : 

273) 935 (4 
\092 

157) 273 (2 
314 

1^) 157 (4 
164 



7) 41 (6 
42. 



Here in every case we have taken a multiple greater than the 
other number, and have found the difference by subtracting 
the upper from the lower number, instead of the lower from 
the upper, as in ordinary division ; the process may sometimes 
be shortened by this method. 

There is however no advantage in taking a multiple greater 
than the other number unless it be nearer to it than the next 
smaller multiple ; but at any step in the process it is allowable 
to introduce a greater multiple if we see it to be the nearest 
to the other number; and subtracting the upper from the 
lower line, to proceed in the ordinary way. 

Thus, in finding the g. c. m. of 2720 and 5168, (part of 
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Ex. 4, on p^e 42,) we may shorten the operation by taldng 
the multiple of 2720 nearest to 5168 : 

2720) 6168 (2 
5440 

272) 2720 (10 
2720 



§ 39. In finding the l. c. m. of two or more numbers, if 
we can see at once that several of them can be divided by a 
number which is prime to the rest, we may divide all the 
numbers by this common factor, and find the l.c.m. of the 
given numbers by multiplying together the quotients, the 
numbers not divided, and the common divisor : e.g. 

Find the L. o. M. of 12, 21 and 57. 

Since 12, 21, and 57 are all divinble by 3, the l. o. M. re- 
quired will be found if we divide each of these numbers by 3> 
and multiply together the quotientSy viz.: 4, 7, and 19, and 
then multiply that result by 3. • 

For the l. o. m. of 12 and 21 is tWr product divided by 
their o. cm. : i.e. is (12 x 21)^3, which =4 x 21, or =(4 x 7) x 3. 
Hence 84 the l. o. m. of 12 and 21 may be obtained by dividing 
both 12 and 21 by the common factor 3, multiplying the quo- 
tients together, and multiplying that result by 3. Again the 
L. 0. M. of 84 and 57, is (84 x 67) -^3, which from what has just 
been said = (28 x 19) x 3, and this =(4 x 7 x 19) x 3. 

Hen6e the l. o. m. of 12, 21 and 57, is obtained by dividing 
each of the numbers by 3, and multiplying these quotients 
together and then multiply that result by 3. 

Besides this, in finding the l. cm. of several numbers, if we 
can see that any one of them is contained in any other of 
them, whatever is a multiple of the larger, must also be a 
multiple of the smaller number; and therefore this latter 
need not be taken into account at all ; hence in finding the 
L. c. M. of several numbers we may suppress all those which 
are divisors of any of the others. The operation therefore of 
finding the l. c. m. of several numbers whose common factors 
can be easily seen by inspection is frequently performed as in 
the following example : 
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Find the L. o. m. of 3, 8, 12, 16, and 22. 

Here 3 may be guppressed altotpether because it 10 a 
diviflor of 12, and 8 because it is a divisor of 16 ; and we pro- 
ceed with 12, 16 and 22, thus: 

2) 12, 16 , 22 

2) 6, 8,11 

3, 4,11 

Now as 3, 4, and 11 are all prime to one another, their l. 0. m. 
is their continued product ; therefore the L. c. m. of the given 
numbers 3, 8, 12, 16, and 22, is 3 x 4 x 11 x 2 x 2, or is 628. 

Instead of this process however, it is a simpler plan, when 
the given numbers are not large, to separate them into their 
respective factors, and then to take for the L.O.M. the number 
that is required to contain all those factors. 

Thus, taking again the numbers in the example just given, 
it is obvious that the l. 0. m. of 3 and 8 must contain the 
factors 3, 2, 2, 2 : in order to include 12 it will require no 
other factor : to include 16 it mu^t again contain 2 : and in 
order to include 22 it mu^t likewise contain 1 1. 

Hence the L.O.M. will be 

3x2x2x2x2x11, or 52& 

[This method will be used afterwards, in reducing fractions 
to others having a common denominator. The principle on 
which the process depends is fully explained in § 40, 
p«g» 49.] 

It is likewise an improving exercise for the learner to find 
how often the a.c.M. is contained in the given numbers by 
tracing it backwards from the end to the beginning of the 
operation. Thus in the example in § 37, page 41, 510=61 x 10 ; 
1071 = 61 (2x10+1); 2662-61 (2x21 + 10); 19635-61 (7x62 
+21)=61x385. This is frequently the shortest method of 
finding these quotients. 

§ 40. The common factors of many numbers may be found 
hy impeetion by being acquainted with the following pro- 
periiei qf numbers: of which iAieproqfs are not given here, 
because they are often long; the results however are very 
useful in practice, and, when carefully noted and accurately 
remembered, will often save the labour incurred by employing 
needless trial divisors. 
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Nambens are divisible by 

2, when they are even, 

Sf when the sum of their digits is divisible by 3. 

4i when their two right-hand digits are divisible by 4. 

5, when they have 5 or in the units' place. 

6, when they are even, and the sum of their digits is divi- 
sible by 3. 

8, when their three right-hand digits are divisible by a 

9, when the sum of their digits is divisible by 9. 

10, when they have in the unite' place. 

11, when the difference between the sum of the digits in 
the odd places and the sum of the digite in the even places is 
either 0, or is divisible by 11. 

12, when the two right-hand digits are divisible by 4, and 
the sum of the digits divisible by 3. 

For the numbers 7 and 13 we may observe that since 
1001 = 7 X 11 X 13, it follows that if the number of thousands 
differs from the number of units by 0, or a multiple of 7 or 
13, the number is divisible by 7 or 13. ' 

[It should be explained that the numbers are to be read 
thus : unite, tens, hundreds, of units; units, tens, hundreds of 
thousands; units, tens, hundreds of millions; &c. Thus in 
the number 31178) there are 178 units and 31 thousands; and 
178-31 = 147 = 7x21; whence the number is divisible by 7. 
In the number 153517 there are 517 units and 153 thousands ; 
and 617-153=364=7x52=7x13x4, whence the number 
is divisible by both 7 and 13.] 

All prime numbers, except 2 and 6, have either 1, 3, 7, or 
9 in the place of unite ; but it is not conversely true that all 
numbers having 1, 3, 7, or 9 in the place of unite are prime. 

We can now proceed to find the prime factors of any number. 

[Obs. We must first explain that when a number is mul- 
tiplied into itse(f any number of times, the product is called a 
power of the number; above the number and to the right- 
hatid of it is written a small figure, which denotes the number 
of factors that produces the power; and this figure is called 
the Index: thus 2x2 is called 2 squared, or 2 raised to the 
second power, and is written 2^; 2 x 2 x 2 is called 2 cubed, or 
2 raised to the third power, and is written 2^; and so on.] 
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The method of decompogiog or resolving auy nomber into 
its prime factors is as follows: Divide the given number euc- 
eeeeivelff, and as often €u pogsihUy by each of the prime num- 
bers^ 2, 3, 5, 7, <C-c., beginning with the lotcest prime divisor 
t/iot will measure the given number: when the last quotient 
is prime, this prime quotient and the several divisors which 
iMoe been tued are the prime factors required. 

Ex. 1. Decompose 4550 into its prime factors. 

2 
5 




455 



91 



13 

And as the last quotient 13 is prime, the required prime fiictors 
are 2x5x5x7x13, which may be written 2 x 5^ x 7 x 13. 

Ex. 2. Decompose 11088 into its prime factors. 

2 11088 
2 



2 
2 
3 
3 



5544 



2772 



1386 



693 



231 



7; 77 

11 

Hence the {irime fiidors required are 2^ x 3' x 7 x 11. 

As in this example we can see by inspection that 11088 is 
dirisible by 8, since the two right-hand digits are dirisible by 
8, we mig^t have divided ai once by 8, or by 2*; and then, 
after the. next division by 2, we might have seen that the 
quotient 693 was divisible by 9, or by 3'; and the operation 
in a shortened form might have stood thus : 



2» 

2 

3» 



11088 

1386 

693 

77 

11 
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By decomposing numbers into their prime factors wo may 
find either their o.o.M. or their L.o. m. 

Take for instance, the numbers 1260, 10584, 12960 ; do- 
composed into their prime factors, they become respectively 
22x3^x6x7, 23x3*x7', 2*x3*x6; and of these the only 
factors which are common to all, are 2* and 3^ ; whence the 
greatest number which will measure them all, or the o.o.M., 
is 2* X 3^, or is 4x9, or 36. 

On the other hand, the least number which will contain all 
these prime factors must evidently contain the highest powers 
of each of them ; that is, the l*o.m. must contain 2", 3^ 5 and 
7* ; and therefore the L. o. ic. is the product 2' x 3* x 5 x 7'> or 
is 635040. 

From this we deduce the following rule for finding the 
G.O.H. or the ibO. m. of several numbers. Decompose the 
given numbers into their prime factors : multiply together 
the lowest powers qf those fadAors which are common to all; 
tJie product so formed will be the G, C. M. yif the given 
numbers. Multiply together the highest powers of all the 
factors that occur; the product so formed will be the 
L, C, M, of the given numbers. 



ExsaciSE IV. 

I. Find the Greatest Common Measure of 

1. 1729 and 5850. 2. 6409 and 7395. 

3. 8645 and 12350. 4. 8398 and 29393. 

5. 11050 and 35581. 6. 153517 and 7389501522. 

II. Find the Least Common Multiple of 

1. 792 and 936. 2. 1224 and 1656. 

3. 1692 and 1708. 4. 11050 and 35581. 

III. Findtheo.cic. of 

1. 9139, 4403, 13949. 

2. 6162534, 10190334, 19937610. 
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3. 7648, 13384, 63096. 

4. 12562, 4568, 6139, 8565. 

5. 4230, 141000, 96175, 3760, 27636. 6. 22578, 13144, 1113. 

IV. Find the L. o. M. of 

1. 3628, 25725, 23625, 432. 2. 316, 392, 553. 

3. 1587, 575, 1035. 4. 1121, 413, 133. 

5. 493, 68, 174, 153. 6. 14491, 16641, 3707. 

y. Decompose into their prime factors 
1. 1800. 2. 3528. 3. 40425. 4. 690690. 

VI. Decompose into their prime factors, and thence find 
the G. c. H. and the l. o. h. of the numbers, 

1, 17725554, 1054872, and 2406096. 

2. 340362, 37818, and 7147602. 

YII. Find the l.o.h. of 4, 12, 16, 20, and 36; also of 

5, 7, 16, 28, 48, and 21. 

YIII. Find the greatest number which will divide 398, 
and 442, leaving as remainders respectively 7 and 5. 

IX. Required the least number which can be divided by 7, 
12, 15, and 24, with a remainder 3 in every case. 

X. Bequired the least number which when divided by 5, 
8 and 9, gives in every case the remainder ^. 

XL Find the greatest number which will divide 6332, 
and 23999, leaving as remainders 5 and 2 respectively. 

XII. Find the greatest number by which when 3863 and 
4769 are divided, the respective remainders are 3 and 1. 

XIII. Which of the numbers 16137, 41481, 47032, 6809517, 
998216, are divisible by 8, 9, 11, or 12 ? 

XIY. Test the numbers 
91189, 71799, 51982, and 7389501522 for the factors 7 and 13. 
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CHAPTER V. 



ENGLISH AND FOAEIGN WEIGHTS AND MEASURES. 

§ 41. As regards the different denominations of money, 
&a we have hitherto only assumed that it is known that 
4 farthings make a penny, that 12 pence make a shilling, and 
that 20 shillings make a pound. But it is a great iucon- 
' venieuce in our system of money, weights, and measures, that 
there is nothing uniform about it. The most convenient sys- 
tem is, no doubt, the decimal : and from time to time there 
have been attempts made to introduce such a system into 
England, and to adapt our coins, as well as our weights and 
measures, to those in general use on the Continent. But 
though the subject has been a good deal discussed, little pro- 
gress has hitherto been made; the practical difficulties in 
carrying out alterations in long-established customs and habits, 
have appeared so formidable, that tliey have been sufficient to 
deter the legislature from taking decisive action in the matter. 
We must therefore be content at present to use the following 
'* Tables,'' in which the measures in common use are given. 
But inasmuch as the whole subject is attracting more and 
more attention, especially after the International Conference 
at Paris in 1867, (to which further allusion will be made below,) 
it appears only proper to subjoin to our own tables an account 
of the metric system of France; and then to give some ac- 
count of the various schemes which have been proposed both 
for making our coinage decimal, and likewise for carrying 
into practical effect the project of a universal coinage for all 
nations. 

The English tables in ordinary use are as follows : 
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Tables necessary to he accu/rately remembered. 



AVOIRDUPOIS. 

16 drams make 1 ounce. 

16 ounces 1 lb. 

14 lbs 1 stone. 

28 lbs 1 quarter. 

4 qrs. 1 cwt 

20cwt 1 ton. 

Hence 112 lbs. make 1 cwt. 

8 stone 1 cwt. 

2240 lbs. 1 ton. 



LENGTH. 

4 inches make 1 hand. 
12 inches ...... 1 foot. 

3 feet 1 yard. 

6 feet 1 fathom. 

6J yards 1 rod, pole, 

or perch. 
40 x>oles 1 furlong. 

8 furs. 1 mile. 

3 miles 1 league. 

Hence 
220 yards make 1 furlong. 
1760 yards 1 mile. 



TROJ. 
For Chid, Jewels, dc, 

24 grains make 1 pennyweight. 

20 dwts. 1 ounce. 

12 oz lib. 

7000 grains Troy, are equal to 
1 lb. Avoirdupois ; whence 
we can bring Troy measure 
into Avoirdupois, and vice 
versl 



SURFACE. 
144 sq. inches make 1 sq. foot. 

9 sq. feet 1 sq. yard. 

SOJ sq. yds 1 sq. rod, 

pole, or perch. 

40 perches 1 rood. 

4 roods 1 acre. 

4S40 sq. yards 1 acre. 

640 acres 1 sq. mile. 

The chain used for measuring 
land is 22 yds. or 66 feet, 
divided into 1 00 links, each 
of them 7*92 inches. 
Hence 
100 links make 1 chain. 

1 chains 1 furlong. 

80 chains 1 mile. 

10 sq. chains ... 1 acre. 

APOTHECARIES. 
20 grains make 1 scruple. 

3 scruples 1 dram. 

8 drams 1 ounce. 

12 ounces 1 pound. 

The grain, ounce, and lb. are 
the same as iii Troy weight. 

CAPACITY. 
2 pints make 1 quart 

4 quarts 1 gallon. 

2 gallons 1 peck. 

4 pecks 1 bushel. 

8 bushels 1 quarter. 

5 quarters 1 load. 

A barrel of beer contains 36 gals. 

A hogshead of beer 54 gals. 

A hogshead of tcine 63 gals . 

Ajnpe of toine 2 hhds. 
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CUBIC MEASURE. 

1728 cubic inches make 1 cubic foot 
27 cubic feet make 1 cubic yard. 

N.B. — A cubic foot of distilled water weighs 1000 ounces. 



The difficulty of introducing any change in the established 
tables of weights and measures without stringent legal enact- 
ment, is shewn by the fact that prescriptions are still com- 
monly dispensed according to the table of Apothecaries* 
measure given on the other side ; while, nevertheless, the new 
British Pharmacopoeia has published a new table of weights 
and measures, adopting the imperial ounce and pound, but 
not substituting a new medical grain for the Troy grain« 

The new table stands as follows : 

1 pound= 16 ounces = 7000 grains. 
1 ounce 9 437*5 grains, 
1 grain. 



Of Paper 24 sheets make 1 quire. 

20 quires 1 ream. 

10 reams 1 bale. 



12 dozen of any articles are called a gross. 

Of Time 60 seconds make 1 minute. 

60 minutes i hour. 

24 hours l day. 

7 days i week. 

1 2 calendar months 1 year. 

A lunar month contains only 28 days; so that 13 lunar 
months make (within a day) the year. 

In the solar year there are 365 days 5 hours 48' 497''; in 
the civil year 365 days. So that the civil is shorter than the 
solar year by nearly one-fourth of a day. 

To correct this, an intercalary day was added by Julius 
Csesar to the month of February in every fourth year; hence 
Bissextile or Leap-year, having 366 days, the average Julian 
*ear contained 365*25 days. 
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Bnt the true length of the solar year is only 365*2422414 
days; and this error, increasing in the course of centuries, 
became at last so considerable that in 1582 Pope Gregory 
caused 10 days to be omitted ; and directed that for the future 
3 leap-years should be omitted in every 400 years; i. e. that all 
those years completing a century whose first two digits are not 
exactly divisible by 4, should not be leap years : thus 1700, 1800, 
1900 not being reckoned as leap years, 2000 will be a leap year. 

This Gregorian or New Style was adopted in England iu 
1762, when 11 days were omitted in order to correct the 
calendar. 

The Standards which the Legislature prescribes for recover- 
ing the exact standard length or weight, should the existing 
standards be destroyed, are briefly as follows : 

The Pendulum vibrating seconds of mean time in the lati- 
tude of Lpndon in a vacuum at the level of the sea, is to be 
divided into 39*1393 equal parts, called inches; and 36 of 
these inches are to form the standard yard, 

A cubic inch of distilled water being weighed in air, at 
62^ of Fahrenheit, the barometer being at 30 inches, is to be 
taken as weighing 252*458 grains: and of such grains the 
Troy pound is to contain 5760, and the Avoirdupois pound 
7000. 

The capacity of the imperial gallon is determined by the 
space that would be filled by the weight of 10 pounds avoir- 
dupois of distilled water, weighed in air, at 62® of Fahrenheit, 
the barometer being at 30 inches. And as that weight of dis- 
tilled water is found to fill 277' 274 cubic inches, that is the 
capacity of the standard gallon ; while the bushel of eight 
gallons contained 2218*192 cubic inches. 

These methods may be quite^ sofiScient for restoring stan- 
dards exact eneugh for all purposes of buying and selling : but 
they confessedly fail in perpetuating the precise exactness re- 
quired by scientific purposes. So that it is now thought by 
many that the best way to maintain a measure is to construct, 
out of durable material, accurate copies of a fixed standard, 
and to preserve the copies carefully. And from the difficulty of 
obtaining a comparison of a measure of weight deduced fi*om 
length with one already existing, where the nicest accuracy is 
required, it has been recommended that the standard of 
weight shall no longer be deduced from that of length, but 
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shall simply be a piece of metal, or other durable sub- 
stance^. 

It would be impossible to exaggerate the inconsistencies of 
the English system, if that can be called a system whidi pre- 
sents such uncouth and complicated tables, the innate ab- 
surdity of which is further aggravated by conflicting practice in 
various parts of the kingdom, notwithstanding repeated Acts 
of legislation. Why should a stone of meat in London be 
8 lbs. 1 a stone of meat in the coimtry 14 lbs.? while a stone 
of cheese is everywhere 16 lbs. Why should a sack of flour, 
which is usually 280 lbs., be in some parts of England 252 lbs. 1 
What do we want with two standard pounds, the pound Troy 
and the pound Avoirdupois ? and why do we allow besides these 
a table for Apothecaries, who buy wholesale by Avoirdupois, and 
retiiil by Troy, under names and measures of their own ? Then 
there is an ordinary Long measure, and a separate Cloth mea- 
sure, where the Flemish, English and French Ells are stated 
to be respectively three, five, and six quarters of a yard. 
Again, both the Scotch and the Irish mile differ from the 
English mile, and from one another, the Scotch mile containing 
1984 yards, the Irish 2200. The English acre contains 4840 
square yards, the Scotch acre 6184 square yards, the Irish acre 
7840 square yards ; while the Welsh acre is double of the 
English acre ! Even in England there are local discrepancies, 
the Irish measure of 7 yards to the pole being still preserved 
in Lancashire, while in Cheshire 8 yards are reckoned to the 
perch, (rod, pole, and perch being three separate names for the 
same length). It is needless to prolong this list of erratic 
standards : a system so loose and unscientific is perfectly in- 
defensible. It is to be hoped that the exaggerated idea of 
the difficulty of introducing alterations in practice will not be 
allowed to hinder much longer a reform so beneficial and so 
much called for. 

§ 42. 77te Metric System qf Weights and Measures, 
The metric system of weights and measures was introduced 
into France in 1799, and has been largely adopted on the Con- 
tinent. In England it was legalized by Act of Parliament in 
1864, but no standards have been officially established ; and at 
present the system is very little used in this country. 

^ See the Report of the Commissioners appointed to consider the 
fteps to be taken for the Jtestoration of the Standards of Weight and 
Measure, 1841. 
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It is, however, greatly recommended by its simplicity and 
completeness. Each denomination increases or decreases in a 
tenfold ratio, and thus the system is essentially decimal. 

For length, the unit adopted is the " Metre," (whence the 
system is named metric). Tlie M^tre is the ten-millionth part 
of the length of a line supposed to be drawn along the meri- 
dian from the pole to the equator of the earth. 

From this unit of length the scale ascends and descends by 
powers of 10, the increasing decimal multiples having names 
distinguished by Greek, the decreasing decimal parts names 
distinguished by Latin prefixes. The Table stands as follows : 

10,000 metres =1000 dekametres = 100 hectometres = 10 kilo- 
metres =1 myriametre {niyriam). 
1,000 metres = 100 dekametres = 10 hectometres— 1 kilometre 

{kilom.). 
100 metres = 10 dekametres=l hectometre (hectom.). 
10 metres =1 dekametre {decam.), 
1 Metre. 

•1 metre =1 decimetre (ifectwi.). 
•01 metre ='1 decimetre =1 centimetre {centim.), 
•001 metre = '01 decimetre = 1 centimetre =1 millimetre 

{millim,). 

For Surface the unit is the square metre, and the scale 
ascends and descends by powers of 10', or 100; and there 
would be the square dekametre, hectometre, &c.; and the square 
decimetre, centimetre, &c. But for measuring land it is found 
convenient to assign a distinctive name to a larger area than 
the square metre : consequently a square dekametre is taken 
as a fresh unit» and is called an ^ Are ;" and from this are 
formed in precisely the same manner (by adding the Greek 
prefixes for the ascending and the Latin prefixes for the 
descending powers,) the terms dekare, hectare, &c. ; and decl- 
are, eentiare, &c. 

For Solidity the unit is the cubic metre : and this being 
called the " stere," the words dekastere, &c. ; decistere, &c. ; 
are similarly formed. (The dekastere is rather more than 
13 cubic yards.) 

For Capacity a fresh unit is again taken: and the cubic 
decimetre being called the ** litre," from it are formed a 
similar series of terms, dekalitre, hectolitre, &c.; decilitre, 
centilitre, &c. 

For Weight the unit is the "gramme/' which is the weight 
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of a cubic centimetre of distilled water: and we have the 
ascending terms dekagram, hectogram, &c ; and the descend- 
ing terms decigram, centigram, &c The name given to 
100,000 grams is a ''quintal,'' while a ''millier" is the name of 
a million grams. 

The follovring tables of the metric values, and their British 
equivalents, are reprinted from the Act of Parliament already 
referred to (27 & 28 Vic. cap. 117) : 



MEASURES OF LENGTH. 



Metric Denominations and 
Values. 



Metres. 



Myriametre 10,000 

Kilometre 1,000 

Hectometre 100 

Dekametre 10 

Metre 1 

Decimetre ..« -^ 

Centimetre tvit 

Millimetre nmr 



Equivalents in British Denominations. 



Miles. Yards. Feet. Inches.Decima]s. 



lor 



876 

10,936 

1,093 

109 

10 

1 





1 
1 
2 




11-9 

11-9 

10-79 
1079 
9-7079 
3*8708 
3-9371 
0-3987 
0.0394 



(For an approximation sufficiently close, observe that 
11 metres are nearly equivalent to 12 yards : or more nearly, 
that 32 metres are equivalent to 35 yards. It is better still to 
take the metre as equal to 39*37 inches.) 



MEASURES OF SURFACE. 



Metric Denominations and Values. 


Equivalents in British Denomi- 
nations. 




Sq. 


Metres. 


Acres. 


Sq. Yards. Decimals. 


Hectare, i.e. 100 Ares 
Dekare. Le. 10 Ares ... 




.10,000 

. 1,000 

100 

1 


( 2 
( or 


2,280-3326 

11,960*3326 

1,196-0838 


Are 




119-6088 


Gentiare, i.e. i^^ Are 




1-1960 



(The " are" is a little less than the fortieth part of an acre; 
and consequently the decare is rather less than a rood.) 
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MEASURES OF CAPACITY. 



Meferio Denominations and 
Values. 


Equivalents in British Denominations. 


Cubic Metres. 


Qrs. Bush. Pk8.G«ll8.Qts.Pts.Dedma]s. 


KUoHtre,i.e. 1000 Litres 1 
Hectolitre,i.e. 100 Litres -f^ 
Dekalitre, i.e. 10 Litres -yvv 
Litre ■»-?-.. 


3 3 2 0-77 
2 3 0-077 
10 1-6077 
1-76077 




0-176077 
0-0176077 


flpntili't'K* 1 ft '— Tjitiw . ,, * 





(Since a ^ litre" is rather more than 1} pints, the dekalitre 
is abont eqaivalent to 2 gallons; or, more nearly, 50 litres to 
11 gallons.) 

WEIGHTS. 



Metric Denominations and 
Values. 



Equivalents in British Denominations. 



Grams. 



Cwts. Stones. Pds. Ozs. Drams.Deeimals. 



MiUier .... 
Quintal .... 
Myiiagram 

Kilogram . 

Hectogram. 
Dekagram . 
Gram 



Decigram 

Centigram 

Milligram 



.1,000,000 
. 100,000 
. 10,000 

. 1,000 

100 

10 

1 

• f» 

• TOTT 

iTnnr 



19 
1 



5 
7 
X 



6 

10 

8 

2 



9 
7 

3 



!(orl5i32*3487 grains) 

8 



1604 

6-304 
11-8304 

4-3830 

8-4383 

5-6438 

0-56438 

0-056438 

0-0056438 

0-00056438 



(The "gram" being 15f grains Troy (very nearly), the 
kilogram is rather more than 2lbs. 8oz. Troy, or rather less 
than 21 lbs. Avoirdupois.) 

N. B. The exercises on the Metric system will be given 
after the chapters on Fractions and Decimals; bat the Tables 
are inserted here in order to exhibit side by side the English 
and French systems, although with some unavoidable antici- 
pation concerning both fractions and dedmals. 

§ 43. To pave the way for the introduction into England 
of a uniform decimal system of weights and measures, it would 
be needful to commence with the coinage. The necessity of 
taking this step was warmly advocated a short time ago ; it 
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was proposed to diTide the pound into ten equal parts called 
florins, the floriu into ten equal parts called cents, the cent 
into ten equal parts called mils. The coins used would have 
been 

The Mil = 1000th part of a pound ; a copper coin, somewhat 
less than a farthing (as a farthing is the 960th part of a pound). 
The double mil would be nearly a half-penny {^id») : and the 
5-mil piece would be \\d. 

The Cent = 100th part of a pound = 10 mils; a silver coin 
worth 2| pence, and tlierefore a little smaller than the present 
three-penny piece. The two-cent piece would be 4|c?. : the 
5-oent piece the shilling. 

The Florin = the 10th part of a pound = 10 cents » 100 mils ; 
a silver coin worth 2«. 

The half sovereign and sovereign as at present. 

Tliis system, while it would retain the present gold coinage 
as its basis, and would not therefore derange the accounts of 
the state, of bankers and of merchants, and would have the 
further advantage of retaining in circulation the silver coins 
of the shilling and crown, would nevertheless present the great 
disadvantage of abolishing the present copper coinage of the 
farthing, half-penny, and penny : as well as the silver coins 
representing 3<3?., 4fl?. and 6c?.: it would therefore disarrange 
the poor man's receipts and payments ; and would cause con- 
fusion in all such cases as the penny postage, penny tolls, &c. ; 
as well as in the cost of all those common necessaries, the price 
of which is calculated in pence. Besides which, any number of 
pence in the old coinage, with the exception of sixpence, could 
not be exactly represented in the new coinage. 

Notwithstanding these drawbacks, the issue of the florin 
has done something towards introducing the system : but in 
order to popularize its adoption, surely the nomenclature 
should be altered. Florins, cents, and mils are not happily 
selected names. Let the coin representing two shillings be 
circulated under its own proper name; let the three-penny 
piece be withdrawn, and let a coin representing two-pence- 
halfpenny l)e issued under its proper name. When these two- 
shilling pieces and two-pence-halfpenny pieces are fairly 
established, let it be enacted that twelve-pence-halfpenny 
shall pass for the silver shilling. This would alter the value of 
the copper coinage ^per cent, only: and this slight alteration 
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would be all that would be necessary ; for 1000 farthings would 
then make a sovereign. Thus the pound would consist of len 
two-shilling pieces; the two- shilling piece of ten two-peuce- 
halfpenny pieces; and the twopence-halfpenny pieces of ten 
farthings. 

Other systems of decimal coinage have been proposed ; and 
the '* International Association for obtaining a uniform Deci- 
mal System of Measures, Weights, and Coins'* reported 
(1 March, 1865) that besides those who favoured the poimd 
and mil scheme, there ^ were those who advocated the ten-penny 
scheme, viz. the maintenance of the penny as it is» and the 
issue of a silver coin of lOd.y and another of gold of IdOd, ; 
whilst the third scheme contemplated taking the farthing as 
the unit, and multiplying that by 10, 100, and 1000 ; having 
thus a sovereign of 1000, instead of 960 farthings, or £1. Os. lOd. 
Besides these schemes many other suggestions were mada 
One of these was to take the franc as a unit, introducing the 
French system as a whole. Another proposed to coin a dollar 
of 4s. 2d, or 50d., and make the unit of 100 halfpennies ; the 
coin being thus nearly equivalent to the dollar of the United 
States, the five-franc piece of France, and the dollars circulating 
in China, India^ and other countries." 

Another scheme has been propounded by the present Dean 
of Ely, which deserves consideration from the few changes it 
would produce in the value of the existing coins. The Dean 
points out that the ^ pound and mir* scheme gives four coins 
of account, and only three of practical circulation ; while of 
these he says that the florin is unfamiliar, and the cent new 
and as inconvenient as anything that can be devised ; also that 
the ten-penny scheme, for the sake of keeping the penny fixed, 
compels the total destruction of our gold and silver coinage, 
and introduces two new coins of 10^. and I00d.f which would 
bear the most tiresome and complicated relations to existing 
money. He then proposes to take as the unit of money one 
half the present pound, or ten shillings : by this no new coin is 
introduced, ten-shilling pieces being almost as common as 
sovereignB. 

He proceeds to explain his scheme as follows : 

•''Suppose we take a ten-shilling piece as our first coin of 
''aooonnt The second is the shilling, which is familiar enough. 
" The third will be the tenth part of a shilling, or 1*2 pence ; 
''that is to say, it will be a coin worth one-fifth more or 20 per 
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'^cent more than our present penny. To substitute this coin 
"for the existing penny would involve little or no inoonveni- 
'^ence ; the result would be that the bakers would mako their 
^ penny mils one-fifth bigger than at present, boys would get 
'^ 120 nuts for their penny instead of 100, and so on ; and ina»- 
<<much as the copper coinage does not represent the value 
"indicated by it commercially, but only conventionally, the 
'* existing copper coinage would serve under the new system 
^ as well as under the old. 

^But without saying anything more on this subject, let me 
'^just explain how I should propose to introduce the change ; 
''for after all this is the most important matter, and it is of no 
"use to shew that a system is good, without shewing that it 
" can be introduced without frightening people out of their wits. 

" I divide the process of introducing a decimal system of 
'^ coinage into two operations, which I will call operation A 
^'and operation B, These two operations may be made the 
*' subject of one bill; or A may be enacted first and B after a 
'* few years when people are familiar with A ; or, lastly, A and 
^ B may be enacted together, with the condition that B shall 
"not take efifect till a certain number of years, say five, have 
" elapsed. 

'^A, Let it be enacted that after a certain date all public 
" accounts shall be kept in half-sovereigns instead of sove- 
" reigns. It may be presumed that bankers^ and then shop- 
** keepers, would soon follow the example. The result would 
^ be that one of the lines in the ordinary account-books would 
** become useless. Without knowing anything about decimals 
"people would find that after adding up the shillings, they 
" woidd not have to divide by 20 as now, but that the addition 
" was what is called in the books simple, 

" There would be no inconvenience in comparing old ao- 
" counts with new, as it would be only necessary to multiply 
"or divide by 2. . For example, if the national debt were 
"stated under the old system as 800,000,000, it would be 
" stated under the new as 1600,000,000, and so on. 

" Nor would people be prevented from talking of pounds as 
^before; we know by experience how long guineas have.re- 
" mained among us as a name after the coin has vanished, and if 
"so inconvenient a coin as the guinea can hold its place, there 
" need be no fear that the sovereign would lose its place as the 
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'* principal coin of currency, after it had become obsolete as a 
'* coin of account. 

^ B, Let it be enacted that from and after a certain date 
the penny shall be one-tenth instead of one-twelfth of a shil* 
ling. As soon as this is done the other line of the aocount- 
''book may be dispensed with, and compound addition of 
"" money be forgotten. I have before explained that the result 
^ of this will be to increase the value of the penny 20 per oent^ 
^' and any large holder of copper coinage would get a pre- 
" mium, but this is of no great consequence ; the same coinage 
"would answer all purposes; and commodities would very 
'* soon adjust themselyes. 

" It would be necessary to call in four-penny pieces, and 
^'threo-penny pieces would require to be marked 2|-pence in- 
" stead of 3. Bankers might reject half-pence as at present ; we 
'* should have three coins of account as now, and these three 
"would correspond very well as at present to the needs of the 
" rich, the middle class, and the poor. 

" On the whole, the scheme now propounded 

" (1) Involves no new-fangled or un-national coins ; 

" (2) Interferes with the convenience neither of rich nor 
poor; 

** (3) Can be introduced without alarming people on the 
"subject of decimals ^*' 



Having thus far explained the various schemes which have 
been proposed for a decimal coinage in England, wo will go on 
to another branch of the same subject, namely, the project of 
an International coinage. 

At the Paris Exhibition in 1867, an attempt was made to 
devise some feasible plan for introducing a Universal Coinage; 
and the French government invited delegates and commis- 
sioners of all the foreign States to meet and oi^ganize a 
Monetary Conference. 

On the question of uniformity of weights and measures the 
Conference were well agreed : but the question of a universal 
coinage provoked considerable and animated discussion. As 
far as our present subject is concerned, the most important 

^ A full account of the above scheme may be found in an Article 
^led ** Monetary Conventions and English Coinage," in theKumber 
of 27ie Contemporcary Meview fot January, 1867. 
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resolutions arriyed at by the Conference^ were the 3rd, 4tii, 
5th, and 8th, to the effect that : 

3. '^ It is desirable that each State should introduce amon^ 
"Ha gold coins one piece at least of a yalue equal to that of 
^ one of the pieces in use among other States interested, so 
" that there may be among all the systems a point of com* 
"mon contact. From that each nation will afterwards en- 
" deavour to assimilate gradually its system of coinage to that 
^ which may be chosen as a uniform basis." 

4. " The series of gold coins now in use in France, being 
"adopted by a great part of the population of Europe, is 
" recommended as a basis of the uniform system." 

6. "Whereas, in consequence of accidental and happy 
"circumstances, the most important monetary units may be 
" adapted to the French gold piece of five francs, by means of 
" very small changes, this piece seems the most convenient to 
" serve as a basis of a monetary system, and the coins issued 
" upon such a basis may become, as soon as the convenience of 
" the nations will permit, multiples of this unit.*' 

8. " It is extremely desirable that the system of decimal 
*' numeration be universally adopted, and that the money of 
" all nations should be of the same fineness and of the same 
« form." 

It will be observed that the Conference did not propound 
any specific plan of a universal coinage, but was content to aim 
simply at one point of accord in the different systems of coin- 
age, in having one piece alike everywhere ; and it fixed upon 
the five-franc piece in gold as on the whole the most convenient 
for the basis of the uniform system. 

Now if these resolutions of this Conference are to be carried 
into effect in England, (and it should be borne in mind that 
already France has concluded a monetary convention with 
Italy, Belgium, and Switzerland,) the question of a decimal 
coinage is settled for us, and all we have to do is to assimilate 
our coinage to that of France. The British pound sterling 
having at present a value of 25'22I5 francs, we should have to 
strike a coin of the exact value of 25 francs, or about |th8 per 
cent, less than the present sovereign. This new coin of ours 

* An account of this conference, with an able discussion of the 
merits of the plan it proposed, is given in a work on Bullion and 
Ponign Exchanges^ by Ernest Seyd. 



TJNTVERSAL COINAGE. 65 

being tho exact value of 25 francs would pass current in 
France, whilst the French 20 franc piece might be taken in 
England at tho rate of 16 new shillings, for the shilling also 
would necessarily be affected by the change. The French 
GoYemment has already taken the lead in this matter, having 
lately issued a new gold coin of the value of 25 francs, in 
deference to us and the Americans. 

The necessity of having a new coin struck will be obvious 
if we consider that although upon each sovereign the difference 
would be only 22*15 centimes, or a little more than 2d.f yet 
upon large sums the case is very different ; for upon «£iOO,000 
the difference would amount to £880 nearly. 

Mr Seyd, from whose work we are now quoting, advocates 
a modification of the plan proposed by the Paris Conference, 
and suggests that, accepting the proposed piece of 5 francs as 
the basis of the system, it should be divided not into 5 parts 
(franco) but into 4 parts (shillings), which would give the fol- 
lowing set of coins for Great Britain. 

Gold. 
Sovereign =20 shillings, or 25 Francs. 

Half-sovereign =10 ... , 12-50 ... 
Quarter-sovereign = 5 ... , 6'25 ... 



SiLTEB. 








Dollar 


= 4 


■ • • • 


5 


Florin 


= 2 


»• • 9 


2-50 ... 


Shilling 


= 1 


• ■ • • 


1-25 ... 


Half-shiUing 


= i . 


» • • • 


0*625 cents. 


Fifbh-shilling 


= * . 


* * 9 


0-25 ... 



The Florin to be divided into 100 parts, each part about 
equal to the present farthing. 

Whatever may be the ultimate issue of these various pro- 
posals, it is clear that England is too deeply interested in the 
question to stand aloof from the discussion: and although any 
change in the coinage of a country must entail some incon- 
venience, it would be better far for us to endure our share of 
that, than to see a question of such universal importance 
settled without our concurrence in the scheme. 

Thus far for the project of a universal coinage >, a project 

^ The Royal Commission appointed to consider the possibility of 
establishing an Interaational Coinage report (see the Times of 7th 
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concerning ^which the amount of the trade of England, and 
the immense stake we have in the matter, gives us every 
right to be listened to. For our coinage there is something to 
be said; and it may be not impossible to arrive at a satis- 
factory solution of the problem of an international coinage 
ivithout any violent disturbance of our existing system. But 
as regards weights and measures, our system is utterly inde- 
fensible, and the only course open to us would seem to be the 
early introduction of the Metric system, pure and simple, as it 
exists in the greater part of Europe and in different States of 
America. 

Meanwhile, pending compulsory legislation on the subject, 
'Hhe introduction of the system" (to quote from Professor 
Leone Levi's report of the Paris Conference) '^ should certainly 
*'be encouraged in all schools, and demanded in all schools 
'^ receiving grants from the Privy Council ; and an examination 
" in the same should also be required of teachers in the Normal 
^ Schools, and candidates for Government certificates." 



EZBBOISE Y. 

L Perform the following operations in Compound Ad- 
dition : 

£. «. dL £. *. d. 

(1) 2781 „ 19 „ 11 (2) 466 „ 17 „ 11 

1462 „ 4 „ 9 239 „ 14 „ 9 

2468,, 3„ 7 754 „ 16 „ 11 

6782 „ 14 „ 11 892,, 16 „ 9 

6341,, 12 „ 2 621,, 12 „ 6 

4122 „ 16 „ 8 432 „ 9 „ 11 

3466 „ 10 „ 11 679,, 7„ 4 



of October, i868) €bga%iMt the proposal of the Paris Conference of 
reducing the value of the pound to that of 35 francs. They remark 
that while this alteration would disturb all existing obligations, it is 
after all only a partial measure; and they recommend that the 
general question in all its wider bearings should form the subject of 
an international conference. 



EXERCISEa G7 

£, t, d. £. t, d, 

(3) 468,, 10 „ 7 (4) 371 „ 12 „ 11 

279„18„11J 464,, 14 „ 9 

345,, 9„ 9 953,, 9 „ 6^ 

989,, 6„ 7J 766,, 7„ 4 

67„ 4„ 8? 9„19„lli 

5287,, 19 „ 2 2957,, 13 „ 7 J 

8„18„ 6} 32 „ 6„ 5 



£. t. d. £. t, d. 

(5) 9999,, 17 „ 6J (6) 7517,, 8„ Ol 

0„ 2„ 6} 2482 „ 11 „ 11? 

7646,, 16 „ 4J 9666,, 7„ 8 

2364 „ 3„ 11 6063,, 16 „ ^ 

5978,, 2„ 9 3946,, 4„ 3J 



II. (1) From£5761.„lU.„li<l.8abtract£2987.„19#.„ll3«f. 

(2) From £7003. „ It, „ 2ld. subtract £4897. „ Us, „ 9}^. 

(3) From £1101. „ 09. „ O^d. subtract £783. „ 138, „ 3d. 

(4) From £72030. „ 98. „ 7d. subtract £59913. „ 198, „ l^d. 

III. Multiply (1) £4098. „ 10*. „ 6^ by 3, by 6, by 7, and 

by 11 : and add the products together. 

(2) £6894. „ 128. „ lOjd by 16. 

(3) £3330. „ 10*. „ 4£^. by 27. 

(4) £6804. „ 18*. „ 8J(/. by 37. 
(6) £33063. „ 17*. „ 4d. by 76. 

(6) £9986. „ 18*. „ 4id. by 98. 

(7) £1068. „ 10*. „ 7K by 6i. 

(8) £863. „ 13*. „ 7ld. by 6J. 

(9) £986. „ 12*. „ Oj(f. by 23|. 

(10) £48. „ 18*. „ 5}</. by 30J. 

(11) £19. „ 10*. „ 8ld, by 406. 

(12) £18. „ 7*. „ 4j<f. by 966. 

r2 
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IV. Divide (1) £9801. „ 10*. „ ll}c?. by 3. 

(2) £869. „ 17*. „ Sid, by 13. 

(3) £786. „ 13*. „ 8K ^7 246. 

(4) £3004. „ 6*. „ did. by 379. 
(6) £4024. „ 10*. „ 2d. by 401. 
(6) £68098. „ 17*. „ eld. by 1307. 

V. Required the cost of 

(1) 12 gallons at 6*. „ lOid. per gallon. 

(2) 45 oxen at £14. „ 13*. „ 2d, eacL 

(3) 206 ounces of gold at £3. „ 11*. „ Ad. per ounce. 

(4) 12} lbs. of butter at 1*. „ 4d. per lb. 
(6) 34| lbs. of tea at 3*. „ Sd, per lb. 
(6) 667 horses at X'64. „ 12*. ,, dd. each. 

VI. A man spends 1*. „ dd. in beer every week : what 
does that amount to in a year ? 

VII. The price of 12 tons of coal was j916. „ 16*. „ 9c?.: 
what was the price per ton ? 

VIIL If 20 cubic feet of timber cost £2. „ 16*., what 
was that per foot ? 

IX. The cargoes of 16 ships were valued at £998460: 
what was the average value of each cargo ? 

X A gentleman spent £1000 a-year : what was his average 
daily expenditure ? 

XL At a Railway station £5. „ 10*. was taken for 23 
tickets : what was the average price per ticket ? 

XII. A person buys 64 lbs. of meat weekly : for 16 weeks 
the price is Sid. per lb.; for 26 weeks Sd.\ and for 10 weeks 
7|^. f what is the amount of his butcher's bill, and the average 
price per lb. of meat daring the year ? 

REDUCTION. 

ZIII. (1) Reduce £94. „ 10*. „ 6d to pence. 

(2) Reduce £100. „ 0*. „ 0}<i. to balance. 

(3) Reduce £64. „ 2*. „ 2id. to farthings. 

(4) Reduce 2460 pence to pounds, &c. 
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(5) Keduce 4490 farthings to pounds, &c. 

(6) Reduce 5 guineas to farthings. 

(7) How many three-penny pieces in ^12. „ 0*. „ 6c?.? 

(8) How many four- penny pieces in £18. „ 1*. „ 8d. ? 

(9) How many pence in 96 crowns 1 

(10) How many fivepences in 16 half-<irowns ? 

(11) In 4680 fourpences, how many fivepences ? 

(12) In 9990 half-pence, how many fourpences ? 

(13) In 1000 sixpences, how many farthings 1 

(14) In ^100, how many fivepences ] 

(15) In 10 guineas, how many half-crowns ? 

(16) In 40 guineas, how many half-sovereigns 1 

(17) Bring 2806 half-pence to £. „ a, „ df. 

(18) How many times could three farthings be sub- 

tracted from £20, before that sum would be 
exhausted ? 

(19) To how many persons could I give a crown out 

of 210 guineas ? 

(20) How many times could I pay away three half- 

pence if I had £24. „ 10^. „ 4^(1. t 

(21) If I had 3640 guineas, how many florins ought 

I to receive for thenl ? 

(22) If I change 10080 pence for guineas, how many 

guineas should I receive ? 

(23) How often could tenpence be taken out of a 

purse containing £1. „ lOs, before the purse 
would be emptied ? 

(24) How often is Sid, contained in £1 ] 



AVOIRDUPOIS. 

tons cwt qrs. lbs. ox. 

XIV. (1) Add together 1 „ 12 „ 3 „ „ 12 

4 „ 13 „ „ 19 „ 13 

24 „ 6 „ 1 „ 14 „ 15 

9 » 19 w 2 „ 19 „ 4 
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tons ewt qn. lbs. oz. dn. 

(2) Add together 4 „ 9 ^ „ 16 „ 12 „ 12 

3 w 19 w 3 I, 27 ,, 4 „ 9 
2 „ 18 „ 2 „ 4„ 13 „ 5 
1 » 9 » 1 M 13 „ 6 ly 8 

tons cwt qn. IbiL oi. 

(3) From 4^, 0„0,y3„4 

Take 3 „ „ 6 „ 2 

tons ewt qr. lbs. os. dn. 

(4) From 9 „ „ 1 „ „ 4 „ 
Take 18„0^6,, 9„5 

(5) Multiply 9 tons, 9 cwt 1 qr. 10 lbs. 4 oz. by 24 

(6) Multiply 40 tons, 13 cwt. 3 qrs. 18 lbs. 9 oz. 9 drs. 

byioa 

(7) Divide 3 qrs. 14 lbs. 6 oz. 10 drs. by 6. 

(8) Divide 8 tons, 9 cwt qrs. 9 lbs. 8 oz. by 12. 

TROY WEIGHT. 

lbs. ox. dwt gn. 

XV. (1) Add together 8 „ 9 „ 11 „ 14 

2 « „ 19 „ 22 

6 „ 15 „ 19 

6„ 8 

IbflL OS. dwt gn. 

(2) Add together 11 „ 10 „ 9 „ 14 

10 „ 9 „ 17 „ 18 
6„ 3 „ II „ 10 
1 „ 19 „ 17 
lbs. OE. dwt -gn. 

(3) From 16 „ 3 „ 2 „ 13 
Subtract 14 „ 8 „ 11 „ 17 

lb& ox. dwt gn. 

(4) From 10 „ „ „ 1 
Subtract 3 „ 6 „ 17 » 18 

(5) Multiply 26 lbs. 10 oz. 18 dwt 23 gra. by 30. 

(6) Multiply 9 lbs. 3 oz. 17 dwt 6 grs. by 43. 

(7) Divide 9 lbs. 6 oz. 12 dwt 12 gra. by 10. 

(8) Divide 16 lbs. 11 oz. 16 dwt. 13 gra. by 30. 
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APOTHECARIES. 
Ibfc 01. dn. scni. gra. 
XVL (1) Add 6 „ 6 „ 6 „ „ 9 

6 „ 8 „ 6 „ 2 „ 10 

^ » ^ » ^ » 1 » 1^ 

2 „ 4 „ 7 „ 2 „ 10 

IbSi OS. dn. sera. gn. 

(2) Add 19 >, „ 3 „ „ 4 

9 „ 7 „ 1 „ 19 

6 „ „ 6 „ 2 „ 14 

23 „ 6 „ 5 „ 1 „ 12 

(3) Subtract 3 lbs. 9 oz. 6 drs. sera. 15 gra. from 

4 lbs. 9 oz. 6 drs. sera. 14 gnu 

(4) Subtract 9 lbs. 8 oz. 6 drs. 2 scni. 19 grs. from 

208 lbs. 4 oz. 4 drs. 1 sera. 18 grs. 

(5) Multiply 14 lbs. 7 oz. 6 drs. 2 scru. by 15. 

(6) Multiply 12 lbs. 3 oz. 6 drs. 2 scru. 6 grs. by 110. 

(7) Diyide 3 oz. 4 drs. 2 scru. 16 grs. by 8. 

(8) Diyide 9 lbs. 10 oz. 4 drs. by 36. 

LONG MEASURE. 

per. yds. ft in. 

XVII. (1) Add 9 „ 1 „ 2 „ 6 

3 w 2 „ 1 „ 8 

4 „ 2 „ 2 „ 10 
1 „ 4 „ „ 11 

m. fl p. yds. ft in. 

(2) Add 6 „ 6 „ 20 ^ 3 „ 2 „ 9 

9 « 7 » 36 „ 1 „ 2 „ 4 

6 „ 5 „ 10 „ 4 „ 1 „ 10 

11 „ 3 „ 19 „ 3 „ „ 11 

(3) Subtract 2 fur. 27 p. 4 yds. 2 ft. 8 in. from 

7 fur. 19 p. 2 yds. 1 ft. 2 in. 

(4) Subtract 38 mi. 6 fur. 23 p. 4 yds. ft. 1 in 

from 200 mi. 6 fur. 23 p. 4 yds. ft. in. 

(5) Multiply 6 fur. 3 p. 2 yds. 1 ft. by 12. 

(6) Multiply 3 ml 4 fur. 26 p. 4. yds. 2 ft 10 in. 

by 27. 

(7) Divide 4 yds. 2 ft 6 in. by 6. 

(8) Divide 6 fur. 36 p. 4J yds. by 9. 
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CHAPTER YL 



§ 44 ITe p roce e d to giro tvo definiticos of a FncUon: 

Dot 1. A Fnctkn b m quntilT irtodi represents m part 
or puts of an ioteger or wliola In its simplest fom a 
Tnlsar Fraction consists of two nnmbars« called the Ximeia- 
tor and IXenominator ; the Denominator shovs into how manj 
ffgniif parts the whole is drrided, and the Xnmerator shows 
how maoT of these equal parts are taken. The Xnmentor 
is nsnallr placed orer the Denominator with a line he tn ee n 
them. 

O^K. ITe soppose eTonr integw to be dirisahle iato anj 
nnnber of equal paits at pkasure: 

Def. % A fraction is a simple manner of f ifai miin^ the 
diTisiott of the nnmerator by the dcnominator\ 

Det A proper fraction is one whose nnmeralor is lets 
than the decominator. 

De£ An impn^per fracckn is one whose nnmeratior is 

<'7« 1^ to^ or i/nrai^r tA^iH its denominator^ 



^ Th» fo^ottiag deficii5o« of a Fncsaoa bas a]^ been ^i 
'Frerr sum vbkb does xkx cotttsia tbe a^ cf xtMaoorvflMBS 
' exaicc ii;ii=:b«r of ti-sts;. bet v&jcii caa be cs^nsarvd bj simm 
c£ iltae «ais an esact Kubrr ct cioKs» is a fraesictt.^ * 

Tkas -T deaoCes a quaashj i^kh does noc covtasL the aaxt ol 



4 

Kia^ as <Mee ; bat vbkh does eoatua a 4& part 

'Ij givea; Moreom it waii aot app^^ to eoBficx 
to 



» Ta la JiaiwimrrfrartM Thr mrZt^nr it 



9 

Aas ^ wocid appear to seaa tha tib» asit b to be <&rided »:» 



SfWprJparta^ aad 5 of Acee yam aie to be tafceaL B^ in Aat 
caoe are Mort sup p mw as saaj aasfis to be each divided iato 3 cqo^ 
parti as vill give ■ore t&aa 9 of aoch paits^ aad ^Ka 5 of 
{wrts tobe ta&ea. 
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Def. A compound fraction is a fraction of a fraction, as 

2 3 3 2 

i, of 7 : where 7 is the quantity of which r is to be taken. 

Def. A complex fraction is one in which either the 
numerator, or denominator, or both, are fractions ; as 

2 4 

Def. A mixed number consists of a whole number and 

3 3 

a fraction ; as 5,= , which signifies 5 integers together with '- 

parts of an integer. Hero the plu8 sign is understood, but 
not expressed. 

Obi, Every whole number may be considered as a fraction 
whose denominator is 1 : thus 7.= y . For since the fraction 

expresses the division of the numerator by the denominator, 

7 
7 -rl is equivalent to j- . 

§45. To show that ^ of 1 is ^ of 2. 

2 

~ of 1 is 2 third parts of unity. 

V 

Now 1 is 3 third parts of unity. 
Therefore 2 is 6 third parts of unity. 

Therefore - of 2 is ~ of 6 third parts of unity, or is 2 

3 3 

third parts of unity. 

2 
But - of 1 is 2 third parts of unity. 

2 1 
Heooe - of 1 = - of 2. 

3 3 

1 2 

Alsosinoe -of 2iB2~3,~ of 1 must=2-s-3. 
3 '3 

Whence we see thai one of the definitioiis giren above in- 
volves the otfao'. 
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2 1 
Or, we may show that r- = r x 2 by the following illustration: 



A 



I ' ' I • ' I 

Let the length AB represent two yards, and divide each 
of the yards AC, CB into three equal parts Ad, de, eC; 

Then, since these parts are all equal, Ad and de are 
together equal to Ad and Clf\ but Ad and de^ being each the 

2 
third part of a yard, are together ^ of one yard ; and Ad 

and Cjf^ being each the third part of a separate yard, are 

1 2 1 

together ^ of 2 yards ; therefore 5 of 1 yard = - of 2 yards ; 

o o o 

tit^ the- same length is obtained whether we divide one yard 
into three equal parts and take two of them, or divide two 
yards both into three equal parts, and take one out of each 
of them. 

§ 46. To multiply any fraction by any integer multiply 
the numerator by itj or divide the denominator by it. 

If the numerator be doubled or trebled, while the de- 
nominator remains unaltered, the number of parts taken is 
doubled or trebled, but as the magnitude of the parts is un- 
altered, the value of the fraction is doubled or trebled. But 
if the denominator be divided by 2 or by 3, while the numera- 
tor remains unaltered, the number of parts taken is unaltered, 
but as the magnitude of the parts taken has been doubled or 
trebled, the value of the fraction is doubled or trebled. 

Thus ^x3=A: 

2 6 

for in eadi of the fractions -rr and tt; the unit is divided into 

11 equal parts ; but thrice as many of these parts are taken 

in the latter case as in the former ; hence the fraction — re- 

2 
prei^nts the fraction — taken 3 times, or multiplied by 3. 

Agam I2'^^"i' 

for the unit is divided into 3 times as many equal parts in 
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r^ as it is In 2> ^nd tberefore each of the parts in ^ ^ 3 

12 



ft 
times as great as each of the parts in r^ ; but as th$ iame 

number qf parti are taken in both cases^ the fraction j ^^^ 

s 
be 3 times as great as the fraction -- • 

§ 47. Conyersely, to divide a fraction by an integer, 
divide the numerator by it^ or multiply the denominator 
by it. 

Thus A-2.2=— ; 

13 13' 

4 2 

for in each of the fhictions — and -r^ the unit is divided into 

13 lo 

the same number of equal parts; but only ha{f as many of 
those parts are taken in the latter case as in the former: 

2 4 

hence the fraction -- represents one4ia{f of the fraction ^ ; 

lo 13 

^ « 2 

^'iV^-Is- 

Agam, rr2'22' 

for the unit is divided into twice as many equal parts in 
rras in -, and therefore each of the parts in r^ is only 

half as great as each of the parts in jr : but as the eame 

number qf parts are taken in both cases, the fraction ^^ 

ft 
must be only one-half of the fraction -rr . 

§ 48. To prove that the value qf a /faction is not altered 
by multiplying both numer€Uor and denominator by the 
same giMntity, 

If any quantity be both multiplied and divided by the 
same number, its value is not altered. Now if the numerator 
of a fraction be multiplied by any number, the firacHon is 
thereby multiplied by it (§ 46) ; and if the denominator of a 
fraction be multiplied by any number, the fraction is thereby 
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divided by it (§ 47) ; therefore by multiplying the numerator 
and denominator of a fraction by the same number, we both 
multiply and divide the fraction by the same^ number^ and 
therefore do not alter its value. 

3 6 
Or, we may show that - = - in the following manner : 

A G D B B 



' I ' I ' I • 1 

Let the length AB represent one yard, and let it be 

divided into 4 equal parts -4C, CjO, DE^ EB ; then AE is 

3 

- of a yard ; but if each of these fourth parts were divided 

into 2 equal parts, the whole yard AB would be divided into 
8 equal parts, of which AE would contain 6 ; therefore AE 

is - of a yard; hence - and - are the same 'thing; the line 

9 4 o 

being divided into parts twice as small in the latter as in the 
fonner case, but twice as many of those smaller parts being 
taken. 

Conversely, the value of a fraction is not altered by dividing 
both numerator and denominator by the same Quantity. 

49. "We may hence reduce any fraction to lower terms 

by dividing both numerator and denominator by any common 

factor; and a fraction is said to be reduced to its lowest 

terms when its numerator and denominator, being both 

divided by their greatest common measure, are prime to one 

3094 
another. Thus, reduce to its lowest terms the fraction -jrrr- 

4d41 

First finding the g.cm. of the numbers 3094 and 4641 

(§ 33). 

3094) 4641 (1 

1647) 3094 (2 

0000 

Here 1547 is the a.o.M. required, and by dividing both 

3094 
numerator and denominator by this quantity the fraction ^grr 

2 

is reduced to - ; where 2 and 3 being prime to each other, 

the fraction is in its lowest terms. 
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If the given fraction be an improper one, first reduce it to 

a mixed number^ and then reduce the remainder to its lowest 

3471 
terms : e,g, to bring -r— - to its lowest terms. 

195) 3471 (17— 

1621 
156 

Here we have a remainder 156, and as we cannot carry the 
division further, we can only express the division of 156 by 195 

by the fraction -r^ \ ^^<^ ^^ actual quotient is exhibited in 

156 
the form l7rr^ ; and finding the g.cm. of 156 and 195, viz. 39, 

4 
the given fraction in its lowest terms becomes 17 -. 

It is not always necessary to find the g.c.h. of the nu- 
merator and denominator, if we can determine by inspection 
what factors are common to both: e.g, to reduce the frac- 

14652 
tion ^^TTTTi we may divide both numerator and denominator 
15048 ^ 

successively by the common factors 4, 9, and 11 ; thus^ 

14652 ^ 3663 ^ 407 ^ 37 
15048 ~ 3762 ~ 418 ~ 38 * 

§ 50. To bring fractions to others qf the same valuCy 
Juiving a common denominator. 

First, find the Least Common Multiple of all the denomi- 
nators of the given fractions ; divide tlds l. c. m. separately by 
the denominators of each of the given fractions, and by the 
respective quotients obtained by this division multiply both 
the numerators and denominators of the several fractions : 
this will not alter their value^ but wiU reduce them to equi- 
valent fractions having the least common denominator, 

2 3 
Ex. 1. Bring - and t to a common denominator. 

«5 4 

Since 12 is the l. o.m. of 3 and 4, multiply both numerator 

2 
and denominator of - by 4^ and both numerator and denomi- 

3 
nator of - by 3 ; 
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then 



3^2x4_ 8 
2"3x4""l2» 

3 3x3 9 



4~4x3"'l2' 
Hence ^ and - are equal respectiTely to -To ''^ To i ^^^^ 
tions wbich now hare the same common denominator. 

Ex. 2. Bring 5 » 9 > 21 ' 46 ^^ 63 *** CQP^al®"^* ^^^^"^ 
tions, haying the least common denominator. 

By inspection (§ 39) the ii.ax. mnst contain the factors 
Dj 3} 3| 7» 

„ 4 4x63 252 



AJivaa\M# 


6 5x3x3x7 315' 




5 6 X .^5 176 


« 


9~9x6x7 315' 




19 19 X 16 285 
21~21x5x3 315' 




17 17x7 119 




45~45x7"315' 




13 13x6 66 




63 63x5" 315* 


TT 252 
Hence 3^^ , 


175 285 119 65 
315 ' 315 ' 315 ' 315 *" 



qnired. 

§ 51. To compare the value qf different fractioiu, i,e,to 
find out which is the greatest and which the least. 

Bring the given fractions to others of. the same value, 
having a common denominator ; then the respective values of 
the fractions will depend upon their numerators, that fraction 
being greatest which has the greatest numerator. 

6 7 

Thus, to find which is the greatest, ^ or . 

6^6x8 48 

7 7x8"56' 

7_7x7^49 

8 8x7 56* 
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And sinoe r^ is greater than -r^t it foUoirs that r is 

00 00 o 

greater than = . 

3 2 7 5 3 1 
Ex. 2. Compare the Talues of 1- of ^, Tr>"T> ^7 ^ 5" • 

' and the prime factors included in the L.O.M. being 2, 2, 3, 2, 2, 2, 
we hare 



11 
12" 


11x8 
"12x8" 


88 
"96' 


15 
16 


15x6 
"16x6" 


90 
"96' 


23 

24 


23x4 
24x4 


92 
"96' 


31 
32 


31x3 
32 X 3 ' 


93 
'96* 



Hence the values of the giren fractions are in the order 
of Uieir equiyalents as follows : 

93 92 90 88 
96' 96 96' 96' 

■P o n 6 8 12 ,16 

Ex. 3. Compare ^ , ^ , — , and - . 

The comparison of fractions may sometimes be more con- 
cisely performed by transforming the giyen fractions to others 
having a common numerator : the fraction that has then the 
least denominator is the greatest : thus 

6 ^ 96 8 ^ _96 
7~112' 9~108' 

l?-i? 16_96 
17 ~ 136' 19 ~ 114* 

Hence r , = , j-, j- «po the fractions arranged in order 
of magnitude. 
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Ex. 4. Show that the fraction ^ — = is greater than 



6 + 7 ^ 6 



and less than - . 



6 + 6^11 
6 + 7 13' 



R 11 

Hence, comparing - and v^, we get 

o 13 

5 5 X 13 65 



6 6x13 6x13' 

11 ^ 11x6 ^ 66 . 
13 13 X 6 "■ 6 x 13 ' 

therefore r:: is > :: . 

13 6 

But, comparing g and 5 , we haye 

11 11x7 77 



13 13 x 7 13 X 7 * 

6 6xi3 ^ 78 

7 "7x13 "13x7 ' 

therefore 13 ^® "*^ 7 '^^^ 

§ 62. Proper fractions are increased and improper frac- 
tions are diminisJied by ctdding the same qtiantity ,to both 
numerator and denominator. 

We may observe in general, that the higher a number is, 
the less, relatively to another number^ is its increase made by 
the addition of 1. Thus 2 is double of 1 ; but 3 is not double 
of 2; still less is 4 double of 3; or 100 double of 99. So that 
by adding an unit, or any number of units to each of two 
numbers, the increase to the smaller will be more in proportion 
than the increase to the larger. Hence, if a fraction be 
proper^ i.e. if its numerator be less than its denominator, by 
adding the same quantity to both, the increase to the nu- 
merator will be more in proportion than the increase of the 

(^) Of the signs > and < here used for "greater thui" and 
** less than/' it may help the memory to observe that the sign for 
'' less than" is turned the same way as the letter L. 
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denominator, and the yalue of the fraction will be increased; 
while oonversely, if the fraction be improper, the increase to 
the denominator will be less than the increase to the nu- 
merator, and the valoe of the fraction will be diminished. 

12 3 4 5 
Now let ns take the proper fractions ^ , ~ , - , - , - , 

where each snccessiTe fraction is made by adding 1 to the 
nnmerator and denominator of the fraction preceding it. Be- 
dndng these to eqtdyalent fractions haying the same common 

denominator, they are re^pectiyely equal to ^, ^, ^, 

-^9 -^i tuad as of these fractions the first is the least and 
60 60 

the last the greatest, we see that by adding the same quantity 

to the numerator and denominator of proper fr-actions, their 

yalue is continually increased. 

But if the improper fractions Y , 5, -, -, -betaken; 

120 90 80 75 72 
these «w wspectirely equal to -gj- , g^, ^, gj, go? and 

as of these fractions the first is the greatest and the last the 
leasts we see that by adding the same quantity to both nu- 
merator and denominator of improper fractions, their yaluQ is 
continually diminished. 

Whence we conclude that wo cannot add the same quantity 
to the numerator and denominator of any fraction, without 
thereby altering its yalue. 

Conversely, proper fractions are diminished and improper 
fhu^ions increased by subtracting the same quantity from 
both numerator and denominator ; whence we conclude that 
we cannot svhtract the same quantity from the numerator 
and denominator of any fraction without thereby altering its 
yalua 

\Obs. It is of great importance to remember from this, 
in reducing fractions, that although we may divide both nu- 
merator and denominator by the same quantity, we may not 
take away the same quantity from both numerator and de- 
nominator by subtraction^ 
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CHAPTEE VIL 

THE ADDITION, 8UBTSA0TI0N, UULTIPLIOATIOir, AND DITIBION 

OF YULOAB r&AOTIONS, 

§ 53. The addition of two or more fractions is effected by 
finding some single fraction which shall express the sum of 
all the giren fractions. It is however impossible to find such 
a fraction unless all* the given fractions be first expressed 
with a common denominator: for, since the denominator of 
a fraction expresses the number of equal parts into which the 
unit is divided, it follows that in two fractions which have 
not a common denominator the unit is not divided into the 
same number of equal parts : therefore in endeavouriog to 

2 3 

add together two such fb^tions, for example ^ and -, so as 

to express their sum by a single fraction, if we did not first 
bring them to equivalent fractions with a common denomi- 
nator we should have to seek for a new denominator which 
would express that the unit was to be divided into three 
equal parts and four equal parts, while the new numerator 
must express that two of the three equal parts and three of 
the four equal parts were to be taken ; but no single numbers 
could express this ; and the process could only be represented 

2 3 

symbolically thus, » + t : but if we reduce the fractions 

2 3 

- and 7 to others qfthe same valtie having a common denomi- 

3 4 

8 9 

nator (§60), they become — and r^ respectively; and the 

12 lib 

first fraction is made up of eight of the twelve equal parts 
into which the unit is now divided, while the second fraction 
is made up of nine of those parts; the sum of the two 
fractions must therefore contain eight and nine, or seventeen, 

2 3 8 9 17 
ofthese twelfth parts; *^®^^*^'® o + 7 = J2 **" 12 ~ 12 ' 

Hence the Rule for the Addition of Fractions : Trans^ 
form the fractiona to be added to equivaient fractioM hav- 
ing the least common denominator; take the sum qf the 
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numeratan of the transformed fractions for the new nu- 
meratory and retain the common denominator as the new 
denominator, 

§ 54. The addition of a whole number and a fraction is 
effected by writing the whole number as a fraction with 1 for 
a denommator, and then proceeding as in the ordinary 

addition effractions, e.g* 7+- (which is commonly written 

6 

7-^, the sign of addition being omitted,) is equal to 
r + ^ = ~ + - = ---: the shorter form usual in practice is to 

1 D D D O 

multiply the whole number by the denominator of the frtM^tion, 
add the numerator of the fraction to it, write the sum as the 
numerator of the new fraction with the denominator of the 
original frw^ion. 

§ 55. Subtraction qf Fraction s. 

We may show, by reasoning similar to that used in tho 
addition of fructions, that it is impossible to express by a 
single fraction the difference between two fractions, unless 
these be first reduced to equivalent fractions having a common 
denominator. We see then, that if it be required to subtract 

2 3 3 2 

- from - , the difference between -r and -^ would be obtamed 

3 4 4 o 

by reducing these to equivalent fr^u^ons with a common 

9 8 

denominator, t.«. to — ^^^ To > ^^^ ^^^ ^® difierence will 

be one of the twelve equal parts into which the unit is now 
in both cases divided. 

^ 4 3 12 12 12* 

Hence the Rule for the Subtraction of Fractions : Trans- 
form the given fractions to equivalent flractions having the 
least common denominator; take the difference qf the 
numerators for the new numerator, and the common de- 
fkominatorfor the new denomimttor, 

§ 56. Multiplication of Fractions. 

We have defined multiplication to be an abbreviated 
method of performing addition; when one of two given 
quantities is to be taken as many times as there are units 
in the other. 

02 
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Now applying this to fractions, to multiply one fraction by 

2 4 2 

another, e.g, to multiply » by - , \7ill be to tstke - as many 

times or parts of a time as there are units or parts of a unit 

4 4 

in - ; but as the proper fraction - is less than one, this will 

o o 

2 
bo to take - not so much as once, but four-fifths of once; 

4 2 4 

Le. to find the value of - parts of ^ . But to take - parts of 

O V D 

2 2 

- is to diyide - into 5 equal parts, and to take 4 of those 

3 3 

2 
parts. Now the division of •= into 6 equal parts is effected 

by multiplying the denominator by 6 (§ 47), also taking 4 of 
these parts is effected by multiplying the numerator by 4 (§46). 

Thus, h^=T6^ 

and — x4= — : 

16 15 ' 

*u * 2 4 8 

therefore, 3^6=15- 

Hence the rule for the Multiplication of Fractions, 
"Multiply the numerators together for a new numerator, 
*' and the denominators together for a new denominator^ 



M 



§67. Since the value of a fraction is not altered by 
dividing both its numerator and denominator by the same 
quantity (§48), we may "cancel" in multiplying fractions 
together, i.e, may strike out of both numerator and denomi- 
nator any common factor, before we multiply the numerators 
and denominators together: thus, 

^ 15 ^ 135 , 
10 ^ 27 - 270 ' 

and this, reduced to its lowest terms (§40) is -; but we 

might have obtained this resuk without multiplying 9 and 15, 
10 and 27 respectively together, by observing that 9 and 27 
are both measured by 9, 10 and 16 both measured by 6 ; and 
we may write 

10^27*2x6x9x3"2* 
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Again^ to find the continued product of any nmnber of 

113 8 
fraction£f, as of - of - of - of -^^\ instead of multiplying 

o Z 4t 9 

together all the numerator and all the denominators, we 
may write 

1 1 )S ^ 1 

"5?% 9 9* 



§58. When any number or fraction is multiplied by a 
proper fraction, it is taken so many parts of a time as there 
are parts of a unit in the proper fraction; this result is still 
called the product of the two quantities ; but whereas in 
whole numbers the product is made by taking a number a 
certain number of times, and a whole number is therefore 
increased by being multiplied by any number larger than 
unity, so on the other hand by multiplying a whole number 
or a fraction by a proper fraction, the product is less than the 
original multiplicand; and the number or fraction, being only 
taken some part or parts of once, is diminished by being 

multiplied by a proper fraction: e,g. to multiply 2 by - is to 

take 2 one-half of a time; i.e, the product is one-half of 2, 

11 1 ' 

i «. is 1. Again, to multiply ^ by ^ is to take ^ only one-half of 

a time; i.e. the product is one-half of ^ ; i.e.ia^* 

§ 69. Division qf Fractions. 

We have defined division to be the converse of multipli- 
cation; where we require to know how many times one 
quantity called the divisor may be subtracted from another 
called the dividend; the quotient expresses the number of 
times that the subtraction can be performed. 

Now to apply this to fractions: so long as the divisor is 
less than the dividend one fraction may fairly be said to be 
divided by another : but if the divisor be greater than the 
dividend, the division cannot be so performed as to give any 
whole number or improper fraction for a quotient ; the result 
can only be expressed by a proper fraction. For instance 

8 3 

0) This expression means thai of ^ we are to take j ; of that 

TOsnlt we are to take „ ; and of that result again we are to take ^ . 
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2 4 4 

to divide 5 by - will be to enquire Aom? many times - can 

be subtracted from - ; the quantity expressing the number qf 
tim£8 the subtraction may be performed will be the quotient, 

Reducing the given fractions to equivalent . fractions 

2 10 4 12 
having a common denominator, we have ;: = t^ , and - = >--. 

3 16 6 16 

Hence we see that we are enquiring how often a larger 

12 
can be subtracted from a smaller quantity; and that as r^ 

cannot be taken any whole number of times from -3 « so - 

15 

2 

eannot be taken away any whole number of times from - : 

we must therefore enquire what fractional part or parts of a 

time T~ can be taken from ;— ; or in other words* what 

15 15 

fractional part of — is equal to r^ ; for that is the part which 

can be takea from fj exacUy, U. mthout leaving any re- 

mainder. This process is still called division, and the fraction 
expressing the required fractional part of the divisor is called 
the quotient. 

12 
Now if we divide -r-z into 12 equal parts and take 10 of 

15 

them, we shall obtain ten twelfth parts of 7- ; and r^ of — 

•^ 15 12 15 

= ~ : therefore if t?» of vr be taken from r^ there will be 
15 12 15 15 

no remainder, i.e. — « ^s the fractional part of — which re- 

1^ JLO 

presents the quotient: and we may either say that we can 
subtract ^ of r^ from -rz, without leaving any remainder ; 

12 15 15 

or that r^ of unity represents the number of times the re- 
1^ 

quired subtraction must be performed^. 



The apparent absurdity of speaking of subtracting a quantity 
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It 18 here observable that we obtain the required fractiaiiy 

viz.: r^i by bringiog the dividend and divisor to a common 

denominator, and then taking the numerator of the dividend 
for the numerator of the quotient and the numerator of the 
divisor for the denominator of the quotient. But this result 
might have been arrived at by reasoning thus; 

2 4. 10 12 
-* -r - IS sune as — *7 — • 

3 6 15 16 

Kow — will be contained in r- as often as 12 is contained 
15 15 

in 10. But 12 is not contained in 10 any whole number of 

times; therefore we must write the result of such division as 

a fraction, viz., — ; and the quotient of - -^ - is likewise the 

1^ o o 

fraction rz, . Hero the 10 in the numerator is obtained by 

multiplying 2, the numerator of the dividend, by 5, the de- 
nominator of the divisor; and 12 in the denominator is 
obtained by multiplying 3, the denominator of the dividend, 
by 4, the numerator of the divisor: or we see that 

2 . 4 2x5 2 5 

3 * 5""3x4""3^4' 

whence, without the trouble of bringing the fractions to a 
common denominator, we can deduce the practical rule for 
the division of fractions, viz., *' Invert the divisor, and pro- 
ceed as in multiplication:^^ the quotient obtained by this 
process will always give the number of times, or the fractional 
part of a time, that the divisor can be subtracted from the 
dividend without remainder. 

The same result may also be arrived at from the following 
considerations : suppose it is required to divide « ^7 7 > 

here the question asked is, " How often can - be subtracted 

from - , so as to leave no remainder V* this is the same thing 

only a part of a time ariseB from extending the application of the 
term 'division' to fractions at all* 
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as asking "How often must - bo added to itself to pro- 
duce r r the number of additions in the latter being tho 
same as the number of fubtraeHana in the former casa 

Now 7 + 7 = 7 = 5; *•*• tv)ice 7 = s I therefore the number 

4 4 4 2 4 2 

of times that 7 can be subtracted from ^ wiU also be two, 
4 2 

1 4 
but 0^1=^- ^ere again we obtam the required quotient by 

multiplying the dividend by the divisor inverted. 

This illustration depends upon the self-evident consider- 
ation that the number of times the divisor must be added to 
itself to produce the dividend is the same as the nimiber of 
times that the divisor can be subtracted from the dividend so 
as to leave no remainder. 

§ 60. When any whole number or fraction is divided by 

a proper fraction, the number of times or the fractional part of 

a time that the divisor can be subtracted from the dividend is 

called the quotient. But whereas in the division of whole 

numbers the quotient is always less than the dividend, on the 

other hand in the division of fractions, whenever the divisor 

is a proper fraction, the quotient will be greater than the 

14 1 

dividend: e.ff, 2-r-=2x-=8; that is, - may be subtracted 

2 5 2 7 14 
exactly 8 times from 2. Again, 3"^7 = 3^5 = J5>* fraction 

2 

which is greater than the dividend - . 

§ 61. Some examples in the above rules are now given, 
worked out at length to exhibit tho processes employed. 

T31 n A^^ 3 6 7 ^ 11 
Ex. 1. Aaa 4 » 6 > 8 » JO ' 16 • 

The denominators 4, 6, 8, 10, 15 are to be decomposed into 
their prime factors, and the highest powers of all the factors 
that occur are to be multiplied together to form the I1.0.U. 

Hence, by inspection, we say 2x2x3x2x5 is the l. o.h. 

(For 4=2x2; 6 = 2x3; 8=2x2x2; 10«2x 5; 15=3x6). 
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Then -f-i*^ I — I ^^- ^O + lQQ+lOg + lOS-t-SS 
4 6 8 10 16 2x2x3x2x5 

491 11 
"120" 120' 

2? 

Ex. 2. Add together 15^, 6^, -| . 

„ ''4 11 1 11 

Here i4=-4^ii = 56' 

and adding together the whole numbers separately, the ez- 
pression becomes 15 +6+= + 7 + rg . 

w 5.1. 11 40-f 144-11 _6g, 9 

^0^ 7 + 4 + 56- 56 66"^66' 

therefore 15+6+iifr=22^. 

00 00 

Ex. 3. Reduce the expression 

1.1 *1^5 
2-^3^^4 + 6 



A^(-5)n^4»'('-4)-3' 

Observe that when two quantities, connected by the sign 
of multiplication, are combined with others by the sign + or 
-, these quantities must be first multiplied together, and the 
result then added to or subtracted from the other quantities ; 
for instance, the numerator of the giren fraction means that 

to - is to be added the product of - and 7 , and to this again 

6 11 

- is to be added; not that the sum of - + ^ is to be multiplied 

o 2 3 

by the sum of 7 + ^ ; for had this been meant^ the expression 

would hare been written (^ + - j of (7 + ^) > brackets being 
used, as th^ are in the denominator of the given fraction. 
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We hftve therefore 

— + — 01- + — — 4._L4.!I: 

2 3 4 6 2 12*6 



i-offl+4U5afir7-2?Vi -lx6^ + 5xJLx4?-l 
13 V ^/ 6 23V V 3 13 "2*6 23 *5 3 



6+1 + 10 

12 



J_ 13 6 J_ 23_1 
13^26^23^6 3 

17 17 

12 ^12^17 3^ 1 



L + i-l 2 12 1 4 
2 6 3 



Ex. 4. find the T&hie 






_. . ril 5 7 5 5 2> 

Theeiprcfi8ioo=j- + ^x-x---x-j + 

1 8 76 3J 



^306 

627 + 1050-152 228 
456 ^305 

1525 2^ 
" 456 ^ 305 

5 
"^2 

-4- 



EXSBGISB YL 

Addition of Fractions. 



305 

228 

228 



1. Add together g > 5 > 12 ' 

-.,,521 11 19 
Z. Aaa 7 > 3 > 2 ' 21 ' 42 • 

73 5 

3. Required the sum of tx > g 9 ^d -rr • 
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4. Whatl.the«UDofl + A + | + ^H.A+|, 
6. Add together 7^, U^, 3* , g, and ^. 

K A 13 8 

6. Add together = of — of 3r , — , and—-. 

2 '5 



Subtraction cf Fractions* 

1. Subtract -r^ from ^ • 

3 1 

2. Subtract 2e from 67^ • 

3^ 

3. From I of 5^ of l| take -ii. 



4t Find the difference between — -- and 

"I 

|of|ofl2* 

17 22 1 11 

6. By how much does - + — +2 exceed 35 ^ 3j of ^ ? 



Multiplication qf Fractions, 

6 

i. Multiply T=by 6, then by g,thonby y, thenby- 
7 

2. Multiply i| by -i- . 
7! 2li 



92 VULGAR FRACTIONS. 

2 4 1 7 

3. Wliat fraction multiplied by ^ of ^ ^^ ^o f^^^ k ^ 

the result? 

si 2i 

2 3 

4. Required the product of — > and -?■ . 

' -3 4 7 

6. What is the continued product of '.- + -+ —-, 

4 10 

3-4-7 12 9 , 1 , 

12 "^9 'U 



Divinon qf Fractions, 

7 

3 7 7 9 

1. Divide - by 9, then by --, then by -g , then by -? . 

11 

2*1 2 1 

2. Diyide 3y of 13- by the sum of 13^ + 3- • 

8 1 

3. Find the sum of the quotients of ^ divided by 1— , 



and 1— divided by -. 

lo 9 



9 -^ 18 



^3 15 

4. Compare the quotients of — divided by 13=- of - 

^9 
2 gl 

0^ ?^ of -, and of 1^ of -- divided by r of ^« of 77^ . 

15 6 2^1 3.1 14d 

^2 ^2 

MiSOELLAinSOITS EXAMPLES. 

1. Define a fraction ; and bring to their lowest terms 

^, - ,. 969 , 65636 

the fractions ^^^rr and 



8721 603U912 • 

2. Add together | , |, and j of 1 1 ; and find whether 

- of ^ is greater or less than ^ of ^ • 
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4 1 13 

3. Multiply the sum of =^ of « »™^ ^o ^J ^7 o^ ^^ dif- 
ference between rr- and - . 

ii o 

4. Shew that , . „ . .- lies between the greatest and the 

O + + 7 

least of the fractions » > ? > ;^ • 

3 6 ' 7 

1 

2 + 3 ^'*"^^ 
6. Divide -7-—= by - . 

3 13 
6. What fraction multiplied into the sum of - , 1^ 

17 
and — will make the product 3 ? 
3d 

1. Explain the rule for the multiplication of fractions. 

2 1 1 

Multiply and divide o + « ^J ^ "" fo • ^^^ which of these 

Tesults is the greater, and express their difference in its lowest 
terms. 

8. Reduce | — + -—- — of - l-r-^. 



21 3_2 
1 3 2 43 
2'"T""3* 



9. Find the simple fraction equivalent to 

10. Simplify -2 1 ii. . 

4-2^4.131 

•3^ 

11. Obtain the value of three-sevenths of ■ ^ ■ 

3 
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12. Find the Talue of ^ • 

2 + 3+i 

6 



1 2 ~1 2 

13. Add together =- , -, and » of =- ; and explain the 

process. 

14. Add together 3^, 4, 6^, | of |,and| of | 

15. Shew that the Talne of a fraction is not altered by 
mnltiplTing both nnmerator and denominator by the same 
number. Is the value of a fraction altered by adding the same 
quantity to both nimierator and denominator ? Express the 

6 5 9 

fractions -rz , =- and — by corresponding fractions which 

40 7 t>o 

have the same denominator, and find their sum. 

16. Add together the fractions v:: , — , and =;- , 

14 15 70 

in 18 ^ 

17. Reduce to their simplest forms « — ^ ; and ^ — ^ • 

18. Froye that the sum of the fractions Ir^ and *-7 is 

9 
equal to 6 times their difference; 

19. Find the simple fraction which is equal to the dif- 

1711 
ference of - of 3r- and - of 5- . 

d o 4 4 

23712 71 

20. Keduce the expression « ^^ t ®^ o + r o^ o of 1^ + t» 

o 4 o 5 3 o 4 

21. Determine, in its lowest terms, the continued product 

, 32 85 189 , 23 
01 — . ' — . — — • and — . 
51' 112' SdU7' 36 

l^^I ^^18 

22. Find the value of , ,„ , -f ^ • 

|ofi?+6i ^ 
6 20 2 
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23, What 18 the exact value of 

4 



o3 , 6 * 7 9 ^ 85 , 

^4-^2 ^^^ + -[^^228^ 
5 3. 











1^_ 


1 1 


X 




24. 


2 
Find the difference between — - 

2"*" 


1 + 2. 
1^1 

3 3 


—i and 










1 


111 














4 


6 6^8 










Reduce 


to 


h 


6 6 8 


3 the 


fractions 




25. 


their 


• 

lowest termi 


494 
221 


, 1673 
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2 5 3 4 
^S» Reduce - of=- + - of^toa simple fraction, 

12 5 

27. Find the sum of 1^ , 2- , 3^ : and divide the re- 

ji o b 

suit by - Of ^ of ^. 

28. Explain why it is necessary before adding fractions 
to bring them to equivalent fractions having a common de- 
nominator. 

Add together 9 + 2 + 3 + 18- 

29. What number added to the sum of - , 1^:7 and — 
will make the sum total equal to 3 ? 

2 35 14 3 3 

30. Add together -,-,—,—, md ^^. 

31. Reduce to simpler forms ^^ and —7; and find 
the quotient of the latter divide4 by the former. 
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3Z Explain the rule for the diriaion of fracttons ; divide 
the aom <>' » » 31 jtj •«• l>y tke differenoe between - 

andl. 

33. Add together 2^, I3A., 6^,and2^. 

3. Redoceilllllll^ili. 

11 • , 14 

18 "f ^15 

35. Find the simple fraction equiyalent to 

l-l L_l L«l 1-.1 
1 2 3 2 4 2 6_ 2 6 

2* 2 • 3 • 4 • 5 • 

3.24.1 

-of --=:0f- 

36. Find the value of ^ » ^ » 



4 -1.3 .7 • 
r5^^28-'i0^^9 



§ 62. To find the value qf a given fraction qf any con- 
crete quantity. 

It is only here necessary to multiply the given fraction by 
that number which in whole numbers would reduce the de- 
nomination in which the fraction stands to the next lowest 

2 
denomination: e.g, find the value of -■ of £1. 

|ofXlis|of20*.; 



therefore - x 20 « — = 13::*-, 



I—? -a- 



1 1 ' 

and 3 ^^ ^ shilling is - of 12 pence ; 

therefore - x 12 = 4(f. ; 

V 

therefore 13*. „ 4^. is the required value. 

§ 63. To reduce a given quantity or a fraction qfa given 
quantity to tJie fraction qf another given quantity. 

In order to render the division of one concrete quantity 
by another concrete quantity possibley it is necessary that both 
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should be in the tame denomination: Therefofe brin^ the 
proposed quantities into the »ame (not necessarily the lotoest) 
denomination; and then divide the quantity that is to be re- 
duced by that to a fraction of which it is to be brought; e,ff. 
Reduce I6s. bd. to the fraction of Jl. 

Here 16*. 6rf. = 197 pencOy and £1 =240 pence. Therefore 
the 197 pence in 16«. bd, are to be divided by the 240 pence 

197 
in £l : or -—- is the requi'-ed fracftiou of Jl\, The reason for 

this is as follows :. Since £\ contains 240 pence, and 16*« bd. 

contains 197 pence, if the pound be divided into 240 equal 

parts and 197 of them be taken, these 197 parts will be re- 

197 
presented by 16«. 5^.; but the fraction ^^oja i^presents that 

the pound has been divided into 240 equal parts and 197 of 
them taken ; therefore 

16*.5rf. = £gl. 
Ex. 1. Find the value of £^. 

^of20*.= y*.=8-*,; 

|ofl2rf.=1frf.=4rf.; 

7 7 7 

3 6 

therefore ^-=8*, 6-rf. 

7 7 

Now to reverse this, i.e, to bring Ss.^-d. to fraction of £1, 

^6 . 48 . 1 4 
•ay6^rf.=Y0f |^*. = ^».; 

8^^.^of4 = 4 

7 7 20 7 

Ex. 2. What is the difference between* rz of £\ and ' 

12 14 

of a guinea? 

— of £1 =^ X !^fi|= - *. = 8». „ 4d, 
3 
6 6 ^ 16 • 

J- of aguinea=^M5^:^ar- *.=7*.„ ed. 
Therefore difference is * lOd. 
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Ex. 3, Find the amount of 

12 4 

-of dCl+=of a guinea-- of 15j. 

- of 20=6*. „8rf. 

I of 21 = 6*. 

Sum of these is 12*. „ Sd^ 

4 5 20 
Subtract r of W, or -^*., or 6*. ,, 8(i. 

3 

The required amount i3 6*. 

Ex. 4. How many shillings should be given in exdiangc 
l 1 

- 4- - 

for — - of a pound 7 
2^3 

3 4 12 7 i{_-l 
I 1 " 6 !^!^ '^ 5 "^10 ' 
2^3 6 2 

7 
and — of 20*. = 14*. 

Ex. 5. Out of £4'- one-third is paid to A and one-seventh 

4 
to ^; after this vrths of the remainder is paid to A, and the 

rest to B ; find the sums respectively received by A and B, 

When r- had been paid to A, and =- to J7, there had been 

3 7 

paid alto^ther ^ , and the fraction remaining was — . 

^ now has Yj of ~, or — , 

7 1 

B has the remuning ^, or -- . 

.lnallilhas-+^,or-. 

T>1. 1 .1 10 

2?ha8^ + 3,or^, 
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n^ ^ .3 11 35 
21 



Bat rr of 4- - ~ X ~ = i2. ^ 5#. ^ IQrf., 



,10 . ^3 10 35 .- - - - 
and ^ of 4g = ~x~=^2.„l*.„8rf. 

Ej, 6. From - of « of a penny Bubtract t o^ « o^ 7. 

2 3 * » 4 



of a HhilliDg. 

g.i..).(i.....,V) 

_l_J[^^5-3^^ JLrf 
* 6 10 30 30"* 16 

Ex. 7. Reduce 3 qra. 14 lbs. to the fraction of a ton. 

1 7 

3 qra, 14 lbs. = 3 qrs. = ^ qrs., 

and a ton contains 20 x 4 qrs. ; 
Ex. 8. Reduce I8i. „ Sd. to the fraction of half-a-crown. 

O Kit 

18*. „8d!l = 18-*.= -r-*., 

and half-arcrown = ^s, ; 

., - 56 5 56 2 112 ^7 , ,-^ 

therefore -^ -^ s = "S" ^ ir = Tr » w 7r7 half-cromi«, 

3 2 3 O 10 10 

3 
Ex. 9. Reduce j: of 5«. to the fraction of 17*. „ 6d. 

3 ,. 16 

and 17*. „ 6d, = -^t.; 

15 2 3 1 3 
therefore •^x^r=7 ^»f = S3'> *^® required fi-action of 

o 30 4 7 28 
17*. n ^* 

Ex. 10. Express 3 weeks, 4 days, 6 hours, as the fraction 
of a year of 365 ^ days. 

3 weeks, 4 days, 6 hour8a25 j day8= — days; 

B2 
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101 4 -w. . 

X = €E a 

4 1461 14C1 

Sk. IL WfeU feMlin of £1% . 7jl « C^ ** l| ^ 

Ib otter voids, redve ^ of XX 9 3fc , M. to the fracCioB 

17 

of ^riSL « 7jl ^ At 

n**'^"''^" 17 -^16^^17 1«' 

8 6 
^- - 11 51 8 1x3x1 1 ^ , , > .. 

JElUL Baag£X„lfM,^6tLUfihefaakmiii£l4.^^^4d. 

1 »5 8 ^ba~^4Q' 
6 6 

1 7 

Ss.lX CoD^aie tfe YafaKB of --^ of a pooad, ^^ of a 

r-TL of a cniiica is — of 21jl= — jl 
112 *^^^ 112 16 

There fo re redndi^ to a oommoQ denomiiiaior the firactioas 

and the comparatiTe Tsloea ci the girea firactkan are as 
30,28,27. 

ExEMcasK YTL 

1. What fiactkm ci a poond is 19a „ ll)dL? Gire the 
reasons for the method emplojed. 

2. If 26fiEaiiCBareeqiihraleiittoapoaiid»iifaaifinictiaaof 
a flhiQuifi: is a fianc 1 
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3. Fiud the value of the sum of the following fractioni: 

4*t)' (M)- G*S> 

4. What fraction of 13t. „ 3f<f. is 17». ,, 9d.l 

6. From - of a ponnd sterling take - of - of a shilling. 

2 

6. What fraction of 7 weeks is - of a day? 

7. Reduce - of 7f . to the fraction of a crown. 

o 

8. Add together 

-^ of £16, J of -^ of ^ of £1. „ 12#., and ^ of 3^. 

^6 

9. What fractional part of £l. ,y 6f . „ 3df. is Ifit. „9d.1 

10. Reduce 24 days, 2 hours, 8 minutes, to the fraction of 
a month of 30 days. 

11. What fraction of 15«. „ 7{d. is 2f. „ ^dA 

12. What fractional part of three guineas is half-a*crown 7 

and how much ^ AfT of & 



1 2 4 

13. Add together ^ of a shilling, ^ of a crown, ~ of a guinea. 

14. Reduce 20 feet, *l- inches to the fraction of a mile. 

Ifi. What part of £7Xi is half-a-guinea ? and how much is 

15 . ,. 

jjOf acwt.? 

31 61 

16. Ck)mpare the falues of -rrr of a pound, -nr o^ & guinea, 

a]id3x4^shimngs. 

3 

17. What fractions of a pound are rr of a penny, and 

^ of a guinea respectirely f 
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1 1 7 3 

18. Subtract =■ of 3*. „ 2-d, from ^ of ^ of a crown. 

3 7 1 

19. Find the value of the sum of ^r of - of £1 and - 

4 3 

of - of 78, „ ed. 

20. What is the value of of £% nlOs.! 

21. What is the value of -— r of £ 1 

3-»-i 
2 

3 23 

22. Compare the values of ^ of ;£21, oT of a florin, and 

47 - 

- -- of a guinea, 

23. What fractional part of a pound is 

4 1 ^4 

24. What is the value of =- of - of — -- of a ton ? 

7 3-2 

*7 

25. What fraction of a mile is 27 yards, 1 foot> 6 inches ? 

26. Bring - of an ounce troy to the fraction of a lb. troy ; 
also to the fraction of a lb. avoirdupois. 

_7_ 
21 



7 
27. Bring -^ of a day to the fraction of a week, and find 



the value of ~ of an hour. 

oU 

1-2^1.6 ^15 
^ of - + - of g. 6— 

28. Find the value of ^ — ^ ^ ^/ of -^ of l of a 

1_ o__o 71 .0 3 

3"*" 7 ^63 *8 

square foot 
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i of l--i of- 
29. Reduce , ^ ^ , -^7- of - of r- of a rod 

12 4 1 4 o o 

2"3 '*'9""l8 



to the fraction of a furlong. 



«3 «''5 
3t -2- 



1 4~ 9 4 

• 30. What fraction of r- of a quarter is , ^ , -^ 3 — 

10 1 . 7 - 1 Iw 



T^ + « of ^ 

12 9 4 
of a peck ? 

(^1 1 .-5 ^3\ 
r-T-r-^-^Hi^jofSgggcwt. to 
5^^6-*-i2 V 
the fraction of 4= ton. 

39 
32. Bring 2^ ton to the fraction of a quarter ; and 

5 
1 TTT^ of A 1^6 to the fraction of a yard. 

1496 



3 2 

33. Find the value of — of r of a square foot. 

1 + i 
3 

■4 



-J 



34. What fraction of a mile represents the same length 



3 

as - of an inch 1 
4 



35. Bring 10 dwt. 23 gn. Troy to the fraction of an oz. 
Avoirdupois. 

36. Express 7 oz, 3 drams Avoirdupois as a fraction of 
1 lb. Troy. 



CHAPTER VIII. 

DECIMALS. 

§ 64. From the law of notation, we see that in the ordi- 
nary decimal scale the ralne of any digit decreases in a ten- 
fold degree for each place that it advances towards the right 
hand. Thus in the number 222 the 2 in the place of tens, 
which represents 20, is a tenth of the 2 in the place of 
hundreds, which represents 200 ; while the 2 in the place of 
units is a tenth of the 2 iu the place of tens. 

Now if we aqiiuine that this law shall hold good for poutions 
to the right hand of the units place, we shall have the great 
advantage of being able W deal with fractions of a certain 
kind in precisely the same manner that we deal with whole 
numbers. These fractions will be tenths, hundredths, thou- 
sandths, &c.: that is, they wUl be fra/itions which must 
always Jiave ten^ or some power of ten for their denominators. 
Such fractions are called Decimals, We shall in this manner 
have a decimal scale of notation extended below unity, 
thus: 



'P -S9 ^2^3 






3 C » g I 

3 I ^ g J 5 5 

4 3 2 12 3 4 

It will only be necessary in writing whole numbers together 
wiUi fractions of this peculiar kind, to mark clearly which 
figure is meant to stand in the place of units, and then the 
principle of local valus will determine the relative magnitude 
of each of the figures standing to the right of the units 
place. It is customary to put a full stop, (a comma is some- 
times used,) after the figure in the units placa This is called 
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the daeimal point, and indicates tliat while all the figures to 
the left of it are ordinary whole nvtmbers, all the figures to 
the right of it are decimal fractions. If there be no whole 
numbers, yet a decimal point may be written and figures may 
follow it^ and thus decimal fractions may be expressed either 
with or without whole numbers. Also every figure standing 
on the right of a decimal point is called a decimal phuse. 

Thus 32*3 means 3 teng 2 units and 3 tenths^ 

'45 means 4 tentht and 5 hundredths^ 

'006 means 6 thousandths. 

[Observe that while in whole numbers 100 stands fur one 
hundred, in decimals '001 represents one-thousandth.] 

The advantage derived from this simple developement of 
the law regulating the local value of digits is very great, for 
by it we are able to deal with the most minute fractions with 
as much ease as we can with whole numbers. 

$ 65*. Since we have explained that a decimal such as '5S 
means 6 tenths and 6 hundredths, it will follow that *560 means 
5 tenths 6 hundredths and no thousandths ; where the addition 
of the cipher to the right hand has made no alteration m the 
value of the decimal. 

In fact -56 ^ f^ 

^^ 1000 100' 

from which we see that by adding a cipher to the right of a 
decimal fraction, we only multiply both numerator and deno- 
minator by 10, and consequently do not alter the value of the 
decimal at alL Whence we deduce that the addition of any 
number qf ciphers to the right hand of a decimal does not 
in any tray alter its value. 

But if we place a cipher before the other figures of a de- 
cimal, and instead of '56 write *056, we see that by this we 
alter the position and therefore alter the ffalue of every 
sQOoessive figure ; that the tenths hare become hundredths, 
and the hundredths have become thousandths; and that the 
ralne of the decimal has been decreased ten-fold. 

So that, exactly contrary to what happens in whole num- 
bersy the addition of ciphers to the right does not alter the 
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Talue of a decimal ; the addition of ciphers to the left doet 
alter the value by decreasing the value of the decimal ten-fold 
for every cipher added. 

§ 66. We infer firom this that as the value of a decimal is de^ 
creased ten-fold for every cipher added to the left hand, we do 
in fsict'dimde a decimal by 10, by 100, by 1000, &&, as we shift 
the decimal point ane^ two, three, &c. places to the ^ft ; and that 
conversely by shifting the decimal point one, ttoo, three, &c. 
places to the right, we multiply the decimal by 10, by 100, by 
1000, &c. For instance, the expression 56*789 is divided by 
10 if written 5*6789, is divided by 100 if written '56789, and is 
divided by 1000 if written '056789 ; whereas the expression 
-007023 is multiplied by 10 if written 07023, is multiplied 
by 100 if written 7023, and is multiplied by 1000 if written 
7023. 

§ 67. Although it is true that by means of decimals wc 
can only express fractions which have ten or some power of 
ton for their denominator, yet we shall see, as we proceed, 
that we can in every case either reduce any given vulgar frac- 
tion to a decimal fraction exactly equivalent to it, or can at 
least find a decimal fraction which shall approximate to the 
given vulgar fraction so closely, as to differ from it by less 
than any given quantity. 

This will be more fully explained when we come to the 
conversion of vulgar fractions into decimals, and to repeating 
or circulating decimals ; we will now only explain that when 
any vulgar fraction can be exactly expressed by a decimal, 
that decimal is called tertninate or finite; whereas, when it 
cannot be exactly so expressed, the decimal is called intermi- 
nate or infinite. 

To express any finite decimal as a lovdgar fra/iion. 

Since '456 means 4 tenths, 5 hundredths, and 6 thou- 
sandths, we see that 

..^ -* 6 ^ 
•456 « — -I- -z—i + 



10 100 1000 
400 + 50-1-6 
1000 

456 
1000* 
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Siiiiikriy 1)07009 means 7 thontBindthft and 9 miDioiiUu ; 

7 . 9 



henc^ -007009 



lOJO lOOuOOO 

7000 4-9 
lOOOOOO 



_ 7009 
lOOUOJM)' 

flenoe any finite decimal may be at onee e xpr c aa ed aa a 
Tolgar fraction bjf writing the given decimal a$ a whole 
number {JLe. writing it withoot the decimal point) for the 
numerator of the mdgar fraction; and writing for the 
denominator 1 foUawed hy a$ many ciphers ae there are 
decimal placee in the given deeimoL 

Again, since 37*89 means 37 int^irav together with 8 toitlis 
and 9 hondredthsj 

37*89 « 37 + — + — 
10 100 

-37 + -^ 
^ ^^ ^ 100 

^37ft9 
100 • 

Whence we see that an ezpresaon consisting of whole 
mnnben followed hj decimals may be expressed, in a predsdy 
simihu* manner, as a rnlgar fraction. 

S 08. To read cS, or express in words decimal fracti<ms, 
read the decimal figures as k whole nombers, and to the last 
figore add the name of its order, determined by the place 
itoccnpies: thus 

734 is read setfen hundred and thirty-four thoosandths ; 

58*04327 is read fifly^ght, together with sixty-four thou- 
sand three hundred and twenty-seven hnndred-thoosandths ; 

'080905 is read eighty thousand nine hundred and five 
miOionths. 

Obs, Much conlnsion would be avoided by b^^inners if 
they would bear in mind that decimals are fractions^ al- 
though fractions of a peculiar kind ; and that whereas in 
Tulgar fractions the denominator may be any number what- 
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ever, (because a vulgar fraction is explained to arise from the 
division of unity into any number of equal parts,) and conse- 
quently it is necessary in every case to write the denominator 
at full lengthy in finite decimal fractions on the other hand we 
can at once read off the denominator by inspection, and there- 
fore we are not obliged to write it at length. Still, in all 
operations into which decimals enter, it must be remembered 
that we are only dealing with fractions with suppressed deno- 
minators. 

Obi, The peculiar advantage of employing decimal fnu>- 
tions arises from this, that as such fractions are expressed 
by an extension of the ordinary denary scale of notation, the 
addition, subtraction, mulUplicatiou and division of such frac- 
tions will be performed by processes the same as in ordinary 
whole numbers, with only additional rules for placing the 
decimal points in the results. Again, we can at once compare 
such fractions, ».«. can tell which is the largest and which the 
least with the same ease as in whole numbers, since there is 
no difficulty in the reduction of decimals to a common deno- 
minator. 

Exercise YIIL 

1, Define a decimal fraction ; and explain how the prin- 
ciple of local value may be extended to find the value of sudi 
fractions. 

2, Explain the advantagee of decimal fractionSb 

3. Express in words the following decimals and mixed 
numbers : 

•283, '5321, '74895, '821056, 27,8354, 34,0009, 43'101007. 

4. In the following mixed numbers write the fractional 
part in decimals : 

^^iikJ ^'ttu\9 "rnniu* » '■liuintuni* ^ 



35 



10 ' 100' 10000' 1000000' lOUOO' 

72n4l 400537 

1000000' 1000000000' 



6. Express as vulgar fractions '7 ; '07 ; "007 -, "000007 ; 
'327 ; 3'27 ; 327 ; '45697 ; 456*97 ; '893 ; -0000893. 

6. Express as decimal fractions the following: seventy- 
three thousandths; one hundred and ninety-seven ten thou- 
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sandthg ; on« millionth ; twa hoodred and sixty-one hundr$d 
thotuandthi ; oue thousaDd and one Un miUiont/if, 

7. Express as vulgar fractions in their lowest terms : *5 ; 
•25 ; -76 ; '125 ; -05 ; -026 ; 2 ; '002 ; 375; 0635 ; '005005 ; 47*256. 

& Multiply *379 iuceessiYely by 10^ bj 100, by 1000; 

9. Divide '0703 successively by 10, by 1000, by 10000. 

10. ^bow that the value eC a deciiaal fraction, it not 
altered by the addition of ciphers to the right hawL. 

11. Express as vulg^ar fractions in their lowest terms, '365 ; 
•125 ; 0035 ; '012 ; 175 ; 8*3625. 

12. Multiply each of the quantities '0007453, 48*95621, 
and 8*76430071 successively by one thousand, by ten thousand, 
and by one hundred thuosand ; and divide each of 531*674, 
'000317 and 90203040*1 succesHv^y by one miUioD^ bj ten 
niilKon, and by one hundred million. 



CHAPTKR IX. 

DECIMALS. 

§ 69. Decimals, or integers am) decimiife inhF«d, may be 
added together precise^ as m wbol'e numbers,, eare being taken 
so to arrange the figures that all the deetmal' poin4}s fall exactly 
under one another. This will eneture that tenthi fall under 
tenthSf hundredths under hundredths^ &a The reason of 
this arrangement will appear from the fnyilowing consideration ; 
if this rule were not observed, tenths would fall under hun- 
dredths, or hundredths under thousandths, as the case might 
be ; anid we should be attempting to* add together fttictions 
wftieh had not common denominators. Bat if we arrange the 
dwimaV points all exactly beneath one another, tenths fail 
under tenths, hundredths under hundredths, &c. ; in other 
words^ by so arranging them we at once bring the several 
fractions to a common <ienominator, and can proceed to add 
iliem together. The deeimal point, in the answer, will fiill 
eauu^ly beneath the decimal points in the quantities, to be 



110 DECIMALS. 



added. When the sam of any figures exceeds 10, 20, &c., 
carrying to the next denomination will be performed exactly 
as in whole numbers, whether the given quantities are all 
decimals or are mixed integers and decimals. For as the 
Talne of each figure decreases ten-fold as we proceed from left 
to right) the rules of ordinary addition are immediately appli- 
cable. 

For instance, let it be required to add together the follow- 
ing quantities '6, '06, '007 ; also '8, '78, '678 ; also 3*007, 42'6, 
5*3976: arranging these severally with the decimal points 
beneath one another, we have 

•6 

'06 
•007 

^567 

where it is obvious that the sum of 5 tenths, 6 hundredths 
and 7 thotuandthSy must be expressed as *567 ; * 

in the next instance, *8 

•78 

'678 

2-258 

we see, after writing in the answer 8 in the place of thotp- 
sandthSf that 7 hundredths and 8 hundredths added together 
make 16 hundredths; but 15 hundredths are 1 tenth and 
5 hundredths; writing 6 in the place of hundredths, and 
carrying one to the place of tenths, we obtain 22 tenths ; but 
22 tenths are properly written as 2 integers and 2 tenths, 
^Lgain, where int^ers and decimals are mixed, 

3-007 
42-6 
'3976 

460046 

writing 6 in the place of ten thousandths, the sum of 7 thou- 
sandths and 7 thousandths is 14 thotuandths; writing 4 in 
the place of thousandths, and carrying 1 to the place of hun- 
dredths^ we obtain 10 as the sum in the hundredths^ place ; 
but 10 hundredths are 1 tenth; carrying 1 to the place of 
tenths, we have 10 tenths; but as 10 tenths are one unit^ we 
carry 1 to the place of integers, and write 6 in the place of 
units, and 4 in the place of tens. 
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We might show the correctness of these results by writing 
the given decimals as ynlgar fractions, and finding their sum 
in each instance by the rules of addition in vulgar fractions; 

5.6.7 



•5 + -06+ -007 



10 100 1000 

600 . 60 7 

+ 7:77:; + 



1000 1000 1000 

_ 567 
~1000 

= -667 

•8 + -78 4.-678 = — + — + — 

_ 800 ^ 678 
"" 1000 "*" 1000 lOOO" 

^2268 
1000 

= 2-258 

^ 30070+ 4 2600 -t- 3975 
10000 

460045 
" 10000 

= 460045 

§ 70. In subtraction of decimals, or of integers and de- 
cimals mixed, for reasons precisely similar the decimal points 
must be arranged to fall exactly beneath one another; and 
then the smaller quantity can be subtracted from the larger 
in the same manner as in whole numbers, thomandths being 
taken from thoiuahdthSf hundreths from hundredths, tenths 
from tenths. The decimal point in the answer will fall exactly 
beneath the decimal points in the subtrahend and minuend. 
If the number of figures in the subtrahend should exceed the 
number in the minuend, ciphers may be added (or supposed to 
be added) to the right of the decimal fig^ures in the minuend, 
as this will not alter the value (§ 66), and the subtraction may 
proceed as in whole numbers. 
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For example, let it be reqiured to 8obtract 766 from *897 ; 
and 'd765 from dS; and *907 from 37'6; arranging theie with 
the decimal points b^ieath one anotker, and snbtncting aa in 
whole nmnberg, we have 

•807 

•756 

•141 

where the difiference between 7 thotuandths and 6 ihotuandthi 

is 1 thousandth^ between 9 hundredths and 5 hundredths is 

4 hundredths, between 8 tenths and 7 tent?u is 1 tenth. 

Again, writing '93 as '9300, and subtracting as in whole 

numbers, we have 

•9300 

•8766 
•0535 

Also, in the third instance, 37*6 may be written 37*600, 

and we have 

37-600 

•907 
36-693 
These resulta may also be proved by vulgar fractions as 
follows; 

•89^7- -766 =Ti 



'93 - -8766 



1000 1000 
141 

"looa 

=•141 

^93 8765 
""lOo"" 10000 
9300-87 65 
10000 
^ 535^ 
~ 10000 
= •0535 

^* ^A^ 376 90T 

37-6--907--,^ -1^-55 

37600-907 
"" 1000 
36693 



1000 
36*693' 
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§ 71. Multiplication qfDeeimaU, 

We have stated that for every place we shift the decimal 
point to the right, we increase the value of the decimal tenr 
fold; for every place we shift it to the 10, we decrease the 
value tm-fold. Now in multiplying two decimals together, 
since the law of local value holds with regard to the digits 
composing the decimals, the process of multiplication will be 
performed exactly as in ordinary whole numbers; the only 
matter requiring consideration will be the proper position 
of the decimal point in the product 

Let it be required to multiply 18*56 by 1*932. 

If we shift the decimal point to the right in the multipli- 
cand two pUices, and in the multiplier three places, so that 
both become whole numbers, we shall thereby increase the 
multiplicand 100-fold, and the multiplier 1000-fold 

Hence the product we shall obtain will be 100000-fold too 
great. 

Therefore in this product we must mark off five decimal 
places, or shift the decimal ij^iuifive places back to the 10 ; this 
will divide the product by 100000, and give the correct result. 

But if it be required to multiply *1856 by 01932, by shifting 
the decimal point to the righX in the multiplicand /our places, 
and in the multiplier five places, we shall increase the multi- 
plicand ten thotuand-fold, and the multiplier an hundred 
tJwusand-fold, and shall obtain a product a thousand million 
times too great. We must therefore divide that product by 
1000000000, or most shift the decimal point nine places to the 
10, in order to obtain the correct result. 

Hence we deduce the following practical rule for the multi- 
plication of decimals : Mtdtiply the decimals together as in 
wJiole numbers; and point qff in the product as many deci- 
mal places as there are in the multiplier and multiplicand 
together; prefixing ciphers, if necessary, to the Uft cf the 
product. 

The process will stand as follows : 

18*56 
1*9 32 

8712 
5668 
16704 
1856 

8585792 
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and in the aeoond instance 

•1856 
•01932 



3712 
6568 
16704 
1856 

•003586792. 
The correctness of these results may be proved by ynlgar 
fractions; for writing 1856 as ^ and 1-932 as J^, and 

lUU lUUv 

multiplying these vulgar fractions together, we have 

lor., ,w.o« 1856 1532 
18-66 X 1-932 =-j^x-^^ 

3585792 
" lOOOOO 
= 35-85792. 

A . ,o.- «,n«« 1866 1932 

Agam -1856 x -01932 = j^ x -^^^- 

3585792 



1000000000 
= -003585792. 

§ 72. Dimsion qf Decimals, 

Since by multiplying or dividing both the numerator and 
denominator of a fraction by the pame number, we do not alter 
its .value (§ 48), it follows that by shifting the decimal point 
the same number of places to the right or the left in both 
Dividend and Divisor (i.a by multiplying or dividing both by 
10, by 100, &c. as may be required), we shall not alter the 
value of the Quotient 

Now in the Division of Decimals, an operation in which ' 
mistakes are more frequently made than in any other part of 
arithmetic, the essential requisite is to determine correctly 
the local value of the first figure in the quotient. We shall 
most easily do this if we shift the decimal point till it stands on 
the right of the extreme left-hand significant figure of the 
Divisor, shifting likewise the decimal x)oint in the Dividend 
the same number of places. We thus shall have the divisor 
always in the form of a whole number of one figure, followed 
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QSiuilly bj some decmial places : and the local Talue of the fint 
figure in the quotient will be the same as that of the ftnt, or 
of the lecond significant digit (whether integral or decimal) on 
the left hand of the altered dividend : it will be of the yalne of 
the Jirit significant digit when all the figores of the divisor 
can be contained in an equal number of the figures of the 
dividend ; it will be of the value of the second significant digit* 
when the figures of the divisor cannot be contained in an 
equal number of figures in the dividend, but require that an 
additional figure should be used. 

To illustrate this rule, take the following examples : 

1. *736644 -f- 234'& 

Shifting the decimal point two phices to the left in both 
dividend and divisor, we have 

'00736644 -s- 2*346. 

And as the first four significant figures in the dividend are 
divisible by the four figures of the divisor, the first figure of 
the quotient will be of the same local value as the 7, i.e. will be 
in the place of thousandthi. The operation wiU stand as 
follows : 

2 346) -00736644 (-00314 
3284 
9384 
0000 

2. 302-85 •^-000673. 

Shifting the decimal point four places to the right in both 

cases, we have 

3028500 -f 6*73 ; 

and as the first three figures of the dividend are not divisible 
by the three figures of the divisor, the first figure of the quo- 
tient will be of the same local value as the second figure of the 
dividend, L e. will be in the place of hundreds qf thousands; 
the operation will be 

6-73) 3028500 (450000 
3365 
0000 

a 34809*6-4-940-8. 

Shifting the dedmal place by the rule, we have 

348096 -r 9-408; 

12 
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whence the first figure in the qnotient will be in the place of 
ten$: the operation will be 

9-408) 348-096 (37 
65 856 
00 000* 

In each case the accnracy of the result may be tested by 
Ynlgar Fractions as follows : 

736644 2346 



(1) •736644-7-234^= 



1000000 
^ 736644 

1000000 
314 

100000 
= •00314. 




• 



(2) 302-85 -5- -000673 =^^^®^ ^^^ 



100 1000000 
30285 1000000 
100 ^ 673 

= 45x10000 
=450000. 

* The advantage of the Rule given above is that by it the com- 
puter determines tiie value of each figure in the quotient from the 
very commencement of his work, and therefore knows how far to 
carry it to obtain sufficient accuracy. In amtracted division it will 
be found most important to determine in this manner the value of 
the first figure of the quotient ai once; and in ordinary division the 
rule is neater than those commonly given. A form now offcen taught 
is as follows: " Eetnove the decimal point to the end of the divUor: 
"remove the decimal point in the dividend at many places to the right 
*^(U it has been m>oved in the divisor: in the quotient, insert the deci- 
"mal point when the decimal point in the dividend is reached in the 
"course of the division.** With a little thought the principle upon 
which the process depends may be reasoned out from this ; but it is 
open to the objection of not determining the position of the decimal 
point in the quotient at once^ and consequently of not b^g so useful 
in contracted division. Sometimes this rule is modified a little, and 
stated in a slightly diJBTerent form as follows : ** Count as many places 
** after the decimal point in the dividend as there are decinud places 
**inthe divisor, adding ciphers if necessary; put a mark^ after them ; 
"and a$ soon as all those figu/res are brought down, put in your deci- 
"mat point in the answer.** Thus stated it becomes a perfect 
"cram" rule, and as sach will perhaps commend itself to a certain 
class of teachers; nevertheless by it the rea^n of the process is quite 
obscured, while the operation itself is decidedly clumsy. 
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/«\ .%^««/t^ *v^^« 848096 940W 

(3) 34809*6 + 9408 = ^q— + ^rj- 

^ 348096 
9408" 

= 37. 

§ 73. It sometimes happens that the division does not teiv 
minate, and we have to add ciphers to the right of the dividend. 
This addition of ciphers to the right does not alter the value of 
a decimal (§ 66) ; we can therefore proceed with the division 
as if Uie number of ciphers were without end ; and can carry 
on the operation either till there is no remainder (when the 
division terminates), or till the remainder is a fraction so 
small as to be inconsiderable. In practice, unless greater 
accuracy should be specially required, it is seldom necessary 
to obtain more than 4, or at most 5, decimal places in the 
quotient. The following examples will illustrate the method 
of adding dphers : 

(4) '0020925 4- '000864. 

8'64) 20*92500000 (2*421875 
3645 
1890 
1620 
7560 
6480 
4320 
0000 

(5) 1 + -0197. 

1*97} 100* (50*7614 &c. 
1500 
1210 
280 
830 
42 

To find the real value of the remainder at any step» we 
notice at once that in this example it is impossible that the 
remainder should be 42 in whole numbers; and that the only 
reason for which it might perhaps appear to be so is, because, 
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after establishing the decimal point in the quotient, we have 
been working as if with ordinary whole numbers, without fur- 
ther reference to the position of the decimal point in the yari- 
ous remainders. Moreover it is to be observed that by shifting 
the decimal place in divisor and dividend we have not indeed 
altered the value of the quotient, but we have altered the 
positioi\ of the decimal point in the line from which the re- 
mainder at first arises, and have therefore increased or dimi- 
nished the remainder by as many places as we have shifted 
the decimal point to the right or to the left The position of 
the decimal point in the first remainder will be established by 
considering what is the real value of the subtrahend ; in the 
above example 1*97 x 50 gave the product 98*60, which was 
the subtrahend to be taken from 100*0 ; and the value of the 
remainder was 1*50 ; this being determined, we can retain the 
decimal point in its proper position in each of the subsequent 
remainders : but in the last remainder we must shift the deci- 
mal point back again as many places right or left, as it was 
originally shifted left gr right in the dividend. To illustrate 
Jbhis, example (5) and an additional example shall be exhi- 
bited toith the decimcU point retained throughout, in order to 
determine the value of the remainder : 

(6) 1*97) 100*0 (60*7614 &C. 

1*600 
•1210 
*00280 
*000830 
'000042 

And as the decimal place in the dividend was shifted two 
places to the right, it must be shifted back two places to the 
l^ in the remainder ; which thus becomes '00000042. 

(6) 8*6 -^ 2364*7. 

2*3647) -0085 (003609 
'00143590 
'0000230800 
•0000018877 

And as the decimal point in the dividend was shifted three 
places to the l^, it must be shifted back three places to the 
right m the remainder, which thus becomes '0018877. 
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The Yuliie of the remainder, expressed, as in an ordinary ex- 
ample in long diTision, by a vulgar fraction, would be '000042-9- 
1*97 (which is the same thing as -00000042-^ 0197) ; whence the 

42 100 42 21 

Tulg«- fnca<m wo»ld be j^^^^ x ^, or j^^^^. or ^^^^. 

Similarly in Ex. 6 the vulgar fraction representing the value of 

., . , , , , 18877 10 18877 

the remamder would be tztzx^t;^ x — r— ^, or 



10000000 23547 ' 23547000000 ' 

§ 74. In the multiplication and division of decimals, when 
the number of decimal places given is large, and yet accuracy 
not required beyond 4 or 5 decimal places in the answer, the 
labour of extended multiplication and division may be avoided 
by a contractiofi of the ordinary process. Accordingly we 
shall here set the contracted form side by side with the 
ordinary process, and then explain the method of performing 
the operation. 

Let it be required to multiply '456798 by '23456 correctly 
to Jive decimal places iu the answer. 

Contracted Form, \ Ordinary Process, 



-456798 
-23456 



•10714 



-456798 
-23456 



-09136 


2740788 


1370 


2283990 


ias 


1827192 


23 


1370394 


2 


913596 



*10714653388 



To explain the contracted method, observe that it makes 
no difference whether we multiply by the extreme l^t hand 
or the extreme right hand figure of the multiplier firsts pro- 
vided we establish the decimal point in its right place, and 
keep the other rows of multiplication in their proper order. 
We will therefore commence multiplying by the 2, the extreme 
l^ hand figure of the multiplier. Next, since multiplying 
/our decimal figures by one decimal figure will give us Jive 
decimal places in the result, and it is only required to obtain 
five places in the answer, it will suffice in this case to begin 
multiplying the 2 into the 7, which is the fourth figure of the 
multiplicand. We must however carry from the product of 
the rejected figures; (always carrying to the first figure ?'* 
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down in each row of multiplication as many uniU as are 
equal to the nearest number qf tens derived from the multi* 
plication of the last two rejected figures of the multiplicand, 
(i.e. carrying 1 for any number from 6 to 14 ; carrying 2 for 
any number from 15 to 24, and so on : where we reckon 6 as 
nearer to 10 than to ; 15 as nearer to 20 than to 10 ; 25 as 
nearer to 30 than to 20, &c.). Hence the process will be,— twice 

8 is 16 ; twice 9 is 18, and 1 is 19 ; but 19 is nearer to 20 
than to 10, therefore carry 2 ; then say twice 7 is 14, and two, 
16 ; set down 6, and finish the line of multiplication in the 
ordinary way. To ^tablish the decimal point, observe that 
as four decimal figures have been multiplied by one decimal 
figure, there must be 5 decimal places in the result; therefore 
add a cipher and prefix the decimal point For the next row 
multiply by 3, rejecting this time 7 also from the multiplicand, 
but carrying 2, as the number of units equal to the nearest 
number of tens derived from the multiplication of the rejected 

9 and 7; 3 times 6, eighteen, and two, 20 ; place the under 
the last figure in the upper row of multiplication, and finish 
the line in the ordinary way. Bejecting every time one figure 
from the multiplicand, in the next row multiply the 4 into 
the 5, carrying 3 ; (for 4 times 7 is 28 ; 4 times 6, twenty-four, 
and 2, twenty-six; and 26 is nearer to 30 than to 20; so 
carry 3). In the next row for a similar reason 3 has likewise 
to be carried; and multiplying 5 into 4 and carrying 3, we 
obtain 23. In the last row 6 times 4 is 24, of which the 2 
only is set down. These rows added together as they stand 
will give the required product correct to 5 decimal places. 

As however it is not always easy to fix the decimal point 
correctly in the first line when multiplying thus by the figures 
in inverted order, the process may be effected and exhibited 
in a somewhat different form as follows. Shift the decimal 
point in the multiplier so many places to the right hand tliat 
it becomes a whole number ; and shift the decimal point in the 
multiplicand the same number of places to the left hand : the 
product will not be altered by this, because while the multi- 
plier has been multiplied, the multiplicand has been divided 
by the same number. In 'the example given the multiplier 
will by this process become 23456, and the multiplicand 
'00000456798. Now when the multiplicand is multiplied by 
the figure standing in the place of units in the multiplier, the 
product will always contain the same number of decimal 
places that there are in the multiplicand. Hence if the first 
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figure .required in the product be the Sth place of decimals, 
the figure 6 standing in the units' place in the multiplier need 
only be multiplied into the 6th place of decimals in the multi- 
plicand ; the figore 6 in ihe tens' place need only be multiplied 
into the 6th place of decimals in the multiplicand ; the figure 
4 in the hundreds' place, into the 7th place of dedmats ; and 
so on. Therefore place the units figure of the multiplier under 
that place of decimals in the multiplicand T^hich is the last 
figure to be retained in the product, (in this case place the 6 
under the 5th place of decimals,) and write the other figures of 
the multiplicand in an inverted order to the right hand of it : 
by this means each figure in the multiplier will stand under 
that figure in the multiplicand into which it must be multi- 
plied in order to produce the first figure that is to be retained 
in the product Now multiply the several figures of the mul- 
tiplier, beginning with the right hand figure, each into the 
figure of the multiplicand immediately above it, but carrying 
from the preceding figures as above directed ; set down the 
several results so that the first figures to be retained in them 
are in the same vertical column, and add in the ordinary way. 
The operation would stand as foUows : 

-00000456798 
65432 

-09136 

1370 

183 

23 

2 

•10714 

Ex. 2. Multiply *007853 by -00476 correctly to ieven places 
of decimals. 

Shifting the decimal points, and proceeding as above 
directed, the process will stand tiius ; 

-00000007853 
674 



-0000314 
55 

4 

•0000373 
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Ex. 3. Multiply 0057913 by 3796*8 correctly to f(mr 
places of decimals. 

00057913 
86973 

173739 

40539 

5212 

347 

•0046 



21-9883 



The method of performing contracted division may be best 
seen from the following examples: 

Ex. 1. Let it be required to divide 2*569141797 by 7'5284 
oorreicUy ififive places of decimals: 



CcfniTMm Method, 
7-5284) 2-569141797 (-34126 
310621 
- 94857 
195739 
451717 
13 



Cor^racted Method, 

7*5284) 2-569141797 ('34126 

31062 

948 

196 

46 

1 



In the contracted form, after the first figure in the quotient 
has been found in the usual manner, and the first reminder 
obtained, instead of bringing down the next 4gttre^ cut off 
from the divisor the extreme right hand figure, and divide by 
the remaining figures. At each successive step in the division 
cut off another figure from the right hand of the divisor, and 
. continue the division with the remaining figures. It is neces- 
sary however to carry from the rejected figure, in the sanie 
manner as in contracted multiplication. 

It will be observed in this process that by thus cutting off 
a figure at each step from the decimal divisor, we do not alter 
the relative value of the figures which are left Hence it is 
allowable to reject these superfluous figures, and only employ 
just so many as will produce in the quotient the required 
number of decimal places. 

Ex. 2. Let it be required to divide 3 by -643528 correctiy 
\jofive places of decimals. 
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Shifting the decimal point in divisor uid dividend, accoixU 
ing to the rule given in ordinary division, whereby the position 
of the dedmal point in the quotient is at onoe correctly deter- 
mined, we observe that in this case, as there are more figures 
in the divisor than are required in the quotient we may at 
onoe cut off the 8, the extreme right hand figure of the divisor, 
carrying however from the multiplication of 4 into 8, and 
saying 4 times 8 is 32, carry 3 ; 4 times 2 is 8, and 3 is 11) &c. 



Common Method. 
6*43628) 30*00000 (4*6618 
4 258880 
3977120 
1169520 
5259920 
111696 



Contracted Method. 

6*4352,8) 30*0000 (46618 

42589 

3978 

117 

53 

2 



Ex. 3. Let it be required to divide '197241937 by '254 
correctly to Jive places of decimals. 

In this case we shall not be able to use the contracted form 
at first, as there are/ewer figures in the divisor than are re- 
quired in the quotient. We must therefore perform the first 
three rows of division in the ordinary way, or we should not 
obtain 5 figures in the quotient : after that, instead of bring- 
ing dovm more figures, we can proceed in the last two rows by 
the contracted method : 

2*54) 1*97241937 (*77654 

1944 

1661 

137 

10 





Exercise IX. 

1. Add together the following decimals : 

1. -0103, -205, -36997, 008. 

2. 2*63, *263, 0263, *000263. 
a 516*3, 36 51, 1-563, 03561. 
4, •01,3001,0-1,-30103. 
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5. 594-7261, *03, 8316*02, 193, '0003795, 7'2493167. 

6. '006, 87, 597-8576, '6, 1327, 'OOOOl. 

7. 27*00382, *002, '01041, 53*201, 37*0028, 2913083. 

8. *0031, 59*4, *36, 68, 1*007, 729*3917, 950*938. 

9. 56952135, 551*1345, 22*01, *00023, 99, 921*75, 78-247. 

10. 7*2493167, 193*000816, 59*270031, 1*7253, 217-580273, 
5378*2176, 67231*45. 

2. Subtract 

1. 307 from 6-501 

2. 2*9989 from 3. 

3. *0090806 from 39*857. 

4. 876534 from 1*21314. 

5. 56*5376 from 65*49. 

6. 'OOfiSSI from 7. 

7. 31*49723 from 31*497(t 

8. 1869*5713954 frt>m 1869*5714. 

9. 566-54322 frt>m 597. 
10. 81*99 from 173*47873. 

3. Multiply together the following, proving the results by 
vulgar fractions : 

1. *0027by*014. 

2. 32-56 by *00467. 

3. -764 by 3*56. 

4. -0089 by 652. 

6. -305687 by -03024. 

6. -007853 by 00476. 

7. 850645 by 281-315. . 

8. 5*76305 by 101-746. 

9. 317*243 by 00295. 

10. 286 by -0000831. 

11. -3854172 by 571000. 

12. 2579-357 by 725*3864. 

4. Divide, proving in each case the accuracy of the result 
by vulgar fractions : 
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1. 17-084592 by D24. 

2. 1237-0519 by :6425. 

3. 762-151 by D0325. 

4. 56^by-0045. 

5. -019 by 190. 

6. 1-95 by -00013. 

7. -03679 by 2-83. 
& 165*434 by 36-2. 
9. -027472 by 3-434. 

10. 17171717 by 343-4 

11. 57 856077 by -823. 

12. 6*1848924 by -09316. 

13. 5-83122295 by 9-53375. 

14. 76-391955 by -0000920385. 

15. 46-91999995675 by 5353*10895. 

16. -8728 by 87-28. 

17. 4861349989925 by 165916*38225. 

18. 31494-0704 by 132106. 

19. 124-59993 by 3194*87. 

20. 37-492127554 6y -04051451. 

21. 3 by -876 to 3 placos of decimals. 

22. 7 by 796-3 to 5 places of decimals. 

5. Find by oontfacted multiplication the product of : 

(1) -01245 by *825 correct to rix places of decimals. 

(2) 37*06205 by *34005 correct to/r« places of decimals. 

(3) 33-166248 by 1-4142136 correct to five places of 

decimals. 

(4) *27056 by -37025 correct to tix places of decimals. 

(5) 3*1729432 by 8*316259 correct to four places of do- 

cimals. 

6. Find by contracted division the quotient^ correct to 
five places of decimals of : 

(1) 1-6866591 by -4471618. 

(2) 85*643825 by 6 321. 

(3) 6001-58373 by 1732*508. 

(4) 7-2117562 by 2*267432. 
(6) 573429-13 by 813*764. 
(6) 31-47 by 839*27656. 
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CHAPTER X. 

BEDUCTION OF DECIMALS. 

§ 75. To explain how to reduce a vulgar fraclion Uh a 
decimal, mthowt altering iu value. 

Since a decimal fraction must have 10 or some power of 

10 for a denominator, if we take some fraction not a decimal, 

9 
e,g, ^, and endeavour to oonvert it into a decimal, we shall 

have to find means of altering its denominator into 10, 100, 
1000, or some other i>ower of 10. 

Now if we multiply the numerator and denominator of the 

given fraction by 10, by 100, by 1000, &c., we shall obtain a 

-- .. . 90 900 9000 . u * v I 

senes effractions, viz. — , — ^, j^^, &c.; each of which 

divisible by 32, with quotient 10, 100, 1000, &c. If therefore 
any one of the numertUors 90, 900, 9000, &c, be exactly divi- 
sible by 32, we can convert that fraction whose numerator and 
denominator are both exactly divisible by 32, into a fraction 
having some power of ten for its denominator, i.e, into a deci- 
mal fraction. We must now try by actual division which is 
the first of the numerators 90, 900, 9000, &c., which can be 
divided by 32 without remainder 



32) 90 (2 


32) 


900 


(28 


32) 9000 (281 


26 




260 
4 




260 
40 

8 


32) 90000 (2812 








32) 900000 (28125 


260 








260 


40 








40 


80 








80 


16 








160 
000 
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We find upon the fifth trial that 900000 k diYisible by 
32 without remainder. Whence we have 

9 ^ 900000 ^ 28125 
32 3200000 100000 

Now in practice we need not write down all these trial 

divisions separately ; for the last case contains all that went 

before. It will therefore be sufficient to divide the numerator 

by the denominator, fixing the decimal point as in ordinary 

division, and proceeding as far as we please in the operation 

as if the number of ciphers were unlimited : for instance, if it 

7 
be required to reduce f^ to a decimal fraction we might pro- 

16 

ceed thus ; 

1-6) -70000 (-4375 
60 
120 

80 

00 

Obs* The above simple examples will suffice to illustrate 
the principle on which the process of converting a vulgar into 
a decimal fraction depends. And when the numerator and 
denominator of the given vulgar fraction contain a good many 
figures, it will generally be found best to perform the ope- 
ration as above ; e.g. it will be seen, by dividing the numerator 
by the denominator according to the ordinary rule of division, 

that 7^^^ = '064, and that ^2"'^^^^^ approximately. 

We need not however always employ long division, if in 
practice we can discover any easier method of fincUng an 
equivalent fraction whose denominator is some power of ten : 
for instance, when the denominator is some power of 5, we 
may use multiplication instead of division, and may say 

3 12 ,„ 11 88 ^«« 

_!__ ^ ■= •! 2 • = = 'AAA • 

25 100 ' 126 1000 "^' 

376_J008_^J4064_^ 
16625 12600*0 1000000 

Or we may i>erform the division by successive steps, dividing 
the denominator by some convenient factor^ and then dividing 
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the numerator decimally by the same : e,g, in the examples 
we first took, we might have said 



§ 76. When a vulgar fraction can be exactly expressed as 
a decimal, the result is said to be a terminating decimal; 
but it is not every vulgar fraction that can be reduced to a 
termiuating decimal For if the denominator of the given 
vulgar fraction when reduced to its lowest terms should have 
other prime factors than 2 or 5, then that vulgar fraction can- 
not be exactly expressed as a decimal 

The reason for this is as follows : 2 and 6 are the prime 
factors of 10; i,e, are the only numbers that divide 10 with- 
out remainder ; and by annexing ciphers to the numerator, we 
multiply it each time successively by 10. Now any number 
that measures another, must also measure its product into 
any whole number (§ 37). Hence if the prime fiEkctors of the 
denominator be 2 or 5, they will measure 10, and therefore 
measure 10 multiplied into the whole number which is the 
numerator ; but if the prime factors be not 2 or 5, they will 
not measure the numerator multiplied by 10, and the division 
will not terminate. 

Hence we can ascertain whether a vulgar fraction can be 
expressed exactly as a decimal by the following rule : reduce 
the given vulgar fraction to its lowest termsy and resolve its 
denominator into its prime factors : if those prime factors 
be only 2 and 5, it can he exprecsed by a terminating deci- 
mal; othertdse, it cannot. 

Hence after any vulgar fraction has been reduced to its 
lowest terms, if it be expressed as a decimal which is ter- 
minatSy the number of figures which that decimal contains 
must be equal to the greatest number of times that either of 
the prime factors 2 or 5 is repeated in the denominator : for 
10 must be repeated as many times as a factor in the nu- 
merator as 2 or 5 occurs as a factor in the denominator, in 
order to reduce the vulgar fraction to a decimal : e.g. 
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1 1 10x10 25 ^^ 

*25. 



4 2x2 2x2x100 100 
1 10x10x10 8 



125 5x5x5 5x5x5x 1000 1000 



= •008. 



RECURRING DECIMALS. 

§ 77. It is one of the disadvantages of decimal firactions 
that when attempting to reduce a vulgar fraction to an equi- 
valent decimal fraction, we may sometimes obtain an irUer- 
mincUe result. 

The difference however between the given vulgar fraction 
and the resulting interminate decimal may be rendered less 
than any number we please to name ; and thus by continuing 
the process far enough, any required degree of accuracy may 
be obtained. 

We may explain this more at length as follows : 

We have seen that if the numerator, when multiplied by a 
sufficiently high power of ten, be exactly divisible by the 
denominator, the given vulgar fraction can be transformed 
into an exactly equivalent decimal fraction. But if the nu- 
merator cannot be multiplied by any power of ten so as to be 
exactly divisible by the denominator, a somewhat different 
process will show that we can nevertheless obtain a decimal 
fraction as nearly as possible equivalent to the given vulgar 
fraction : and this process will serve to illustrate the first 
case also. 

7 

Taking first the same example as before, viz. r-^ we 

lo 



have 



16 "10 ^ 16 



^iU^^S) 



41.6 41. 1-60 
= IO^re^^ 16=10^10 ^^10 ^^16 

- —('K l?^=i-4. -1-4. JL fl^ 

* 10 "*■ 100 \ "^ 16; 10 100 100 16 
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4 3^1 . 1 . 120 

io^iao^Ioo^^i6^^T6- 

10 "^100 1000 \' 16/ 
± 3 7 1^8 
10 "*■ 100 1000 1000 16 

4 3.7 1 ^. 1 - 80 

1 -4 h of — of — 

10 100 1000 lOUO 10 16 

4.3 7^1 . ^ 

— -I + 1 of 5 

10 100 1000 10000 



10 100 1000 10000 
= -4375. 

Next ^.j^of y = -(^l + J 



1.1 ,3 1,1 ,30 

= io + io''^ri6-^io6**' 7" 




'h^U**^ 




_ 1 4 1 20 
10 100 1000 7 




_ 1 4 2 1 60 
10 100 1000 10000 7 




.- L 4 2 ® 1 1 


of 



4 



10 100 1000 lOOOO 10000 7 
= -"28 + f6oooOf| 

and since z^..^. of ;ria less than ta/^t^tti i* appears that the 
10000 7 10000 

decimal fraction already found differs from the given Tulgar 
fraction by a quantity which is less than one ten-thousandth 
part qf unity: and by continuing the operation, we can find a 
decimal fraction which will differ less and less from the original 
vulgar fraction. 

§ 78. To explain the reason qf the recurrence qf the 
figures of the quotient in the same order j when reducing a 
vulgar to an interminate decimal fraction. 
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In attempting to reduce a yolgar fraction to a decimal, the 
remainder at each step of the division must always be les9 
than the diyisor, t. e. than the denominator of the vulgar frac- 
tion ; and the number of remainders different from each other 
which can arise, can only be a number less than the. units in 
the divisor. If therefore the remainder never become 0, by 
carrying on the division far enough, one remainder must occur 
again, and as a cipher is added to every remainder, when the 
dividend becomes the same as has occurred before, the quo- 
tient will necessarily be again the same, and the process from 
that point ?nll be repeated. 

For example in reducing r- to a decimal, proceeding as in 

ordinary division, the number of times that 7 will be contained 

in 10 is I with a remainder 3, 

in 30 is 4 2, 

in 20 is 2 6, 

in 60 is 8 4, 

in 40 is 5 6, 

in 60 is 7 1. 

Now we observe that we have obtained every possible re- 
mainder except ; consequently the remainder after the next 
step must be either 0, or one o^ the remainders that have 
occurred already. The next remainder being 3, the whole 
process will recur again from the beginning, and we shall have 

J =^-142857142857, &c 

Such a decimal is called a circulating or repeating decimal : 
and when the same series of figures occurs from the beginning, 
it is called a pure circulating decimal; but if some of the 
figures do not repeat, and these are followed by some which 
do repeat, such a case is called a mixed circulating decimal. 

It is usual to denote a circulating decimal by placing a dot 
over the first and last of the recurring figures ; and the re- 
curring period is called a simple or a compound repetend 
according as it consists of one or more figures: e.g. the pure 
circulating decimal *3333, dtc., which consists of the simple 
repetend 3, is written 'i ; tiie mixed circulating decimal 
'3574597459, &c., which has the compound repetend 7459, is 
written *35?45i. 

k2 
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We seo from the above considerations that the greatest 
number of figures which it is possible for the period of a cir- 
culating decimal to contain is one lets than the number of 
units in the denominator of the vulgar fraction from which it 
springs. 

§ 79. To reduce a eircvlaling decitnal to an equ%v<iUnt 
vidgar fraction. 

Let it be required to convert *i7 into a vulgar fraction. 

Remembering that we effect tho multiplication of a decimal 
by 10, by 100, &c., by shifting the decimal place one, two, &c. 
places towards the right hand, we may say- 
Let X be the vulgar fraction equivalent to *if . 

And if J? = '6757, &c. 
then 100 J? = ^Tiyj^lj &c. 
by subtracting the » 
upper from the > 99j? = 57 
lower line - J 

.*. dividing each of i j. =i 5i = 1? 

these equals by 99 [ 99 33 * 

Again, to find the vulgar fraction equivalent to '765341 §. 

Lot X = •765S41§ 

1000 a? = 765-34193419, &c. 

10000000 a; =^ 7653419*3419, &c. 

by Fubtracting ) 
the 2nd from [ 9999000^ = 7652654 
the 3rd line ' 

^ 7652654 ^ 3876327 
•*• ^ ~ 9999000 4999500 * 

Again, let it bo required to convert •0072S into an equi- 
valent vulgar fraction. 

Let X = '007 2S 
1000 i? = 7*2S 
100000 a? = 728-25 

Subtracting the \ 
2nd from the > 99000a? = 721 

3rd line J 

721 
.\ x=-- ' 



99000 
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mm 

Now, by observing that '4? = 5^> 



ib^fl,6Uii^'"'^''-'"' 



that -00724 = 



9999000 
728-7 



99000 

We may obtain the following practical rule for conyerting 
a circolating decimal into its equivalent vulgar fraction : 

Place for the numerator qfthe vulgar fraction the cir- 
culating decimal written , as a whole number , minus the 
figures which do not recur; and for the denominator as 
many nines as there are recurriog figuresy followed by as 
many ciphers as there are non-recnrrmg figures. 

§ 80. To reduce any quantity or fraction of one de- 
nomination to the decimal of another denomination. 

Let it be required to express 17 s, „ 5id, as the decimal 
of £1. 

The process will be first to express the fractional part of a 
penny as a decimal of a penny : next placing the 5 as a whole 
number before this decimal, to divide that result by 12, in 
order to reduce it to the decimal of a shilling : then placing 
the 17 as a whole number before this decimal, to divide that 
result by 20 in order to reduce it to the decimal of a pomid : 
This will be written as follows : 

4 r 

12 



20 



5*25 ponce. 



17*4375 shillinga 



'871875 of a pound. 

It will be seen from this that whatever we should divide 
by in whole numbers in order to bring pence into shillings, or 
shillings into pounds, that we must likewise divide by in this 
case, only marking off correctly the decimal results. 

Let it be required to express 2 cwt „ 3 qrs. „ 13'832 lbs. as 
the decimal of a ton. 

Dividing severally by 28, 4, and 20, in order to bring lbs. 
iuto cwt, cwt into qrs., and qrs. into tons, the process 
will be 



IM HEDvcnom cv becixalSu 



l7 



4 



3-458 



I 



3-4^ 



90 I 2*8735 



-143675 

CoDTiOMiT, ^ Jind tke rabte in a lower demomufuOiom €f 
any decimal of a higkar dem^muwMiiom^ we mut wudUplf 
RMxeiBrdj bjr tJie nme fiMion diat we dkNdd employ m fri^ 
Lioziiben : e^g. find tiie Talse of £rbl^lb : the praoeH is 

-S1875 



16-37500 
12 



4'500 

_:* 

2t> 

Here nraltqilTiiig the deDamioatioo poonds by 20, to brii^ 
it into ■hilling*^ we obiun 16 ifaillingi, and three himdred aud 
fiereotj-fire ih/^UMandthi of a shilling. Moltipljiiig this '375 
«/ a chiUing bj 12, to bring it into pence, we obUin 4 pence 
and tie tenths of a penny. Multiplying '5 of a penny by 4 to 
t>ring it into Carthings, we obtain 2 futhinga. The answer 
therefore is 16f. „ A\d. 

^milarly, if it be required to find the Tahie of -3945 of a 
daj, we should multiply by 24 to find the number of hours ; 
and then multiply the resulting decimal part of an hour by 60, 
id find the number of minutes ; and again by 60 to find the 
immber of seconds : thus, (muUiidying by 24 in one line by the 
^ hac^ fi^pire'* system, § 31, 5) 

-3945 
24 



9-4680 
60 

2S-080 
60 



4-80 
Uence the result is 9 hooiv „ 28 min. ^ 4*8 seconds. 
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§ 81. Some examples worked at length, in order to exhibit 

the processes employed, are now subjoined : in which it will 

111 3 

be observed that the fractions -, -, -, and -, being of 

o 4 56 4 

frequent occurrence, are not worked out each time at length ; 
it may be once for all remarked that 

and therefore these vulgar fractions may be at once expressed 
by their equivalent decimals. 

Ex. 1. Express £S „ 13#. „ Sid, as the decimal of £5. 



12 


6-5 


20 


13*541d 


5 


3'67708S 



•736416 
therefore the required decimal of £5 is '736416. 

Ex. 2. What decimal of a mile is 3 fur., 100 yds., 2 feet, 
3 inches ? 



{ 



12 


3 


3 


2-26 


20 


100*75 


11 


60376 


8 


3-467964 



432244318 



Ex. 3. Express the difference between £^ „ 3«. „ 3|ef. and 
£2 „ 5'3126tf. as the decimal of 16«. 

12 ! 3-76 



*3125 
£ 8. 

.*. from 3 „ 3*3125 
subtract 2 „ 6*3125 

ISs. 
Now to reduce the difference, which is ISi., to the decimal of lis, 

16) 18*0 (1*2 

30 

00 

.*. 1*2 is the required decimal 
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Ex. 4 Compare the Talnes of ^£'776 and 7*76 shillmgs. 

•775 7-75 
20 J12 

15-500 900 

-1? 
6*0 

Hence the values are 15«. „ ^d, and 7#. „ 9d. ; and the value 

of the first is ttuice as great as that of the second. 

Ex. 5. Find the difference between '31595 of a guinea, and 
5*12295 of a shilling ; and reduce the difference to the decimal 
of a dollar whose value is 4«. Zd. 

Multiplying by 21 by the ^^ back figure" system (§ 31, 5), 

we have 

Guinea. 
•31695 

21 

6-63495 
Now from 6*63495 of a shilling 
Subtract 5 12295 of a shilling. 
Difference 1*512 

Kext divide the difference, viz. 1*612 of a shilling by 4*25. 

4*25) 1*512 (-356 
2370 
2550 
0000 

Ex. 6. Multiply 17 acres^ 3 roods, 19 perches by *325, and 

by -0325. 

n „ 3 „ 19 

71 
40 

2859 perches 
•325 



14 295 
5718 

857 7 



40 ) 929*175 perches 
4) 23 roods „ 9*175 perches 

5 acres „ 3 roods „ 9*175 perches. 
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Next to mnltiply 8869 peffdm bj "0325 is to divide the 
above remit by 10, beooe 

40) 021)175 perdies 

2 roods „ 12*9175 perches. 

4*4 
El 7. Find the Talae of 3*5 of % -^ of 1 sq. foot „ 3 sq. 

Z'i X 4*4 -f- -735 of 1 sq. foot ,, 3 sq. indies 

8 111 

'^^ ^ J ^^^^l^T^* bodies 

147 
=: ^ X 8 X 111 sq. indies 

= 10 X 8 X 37 sq. indies 

= 2960 sq. inches 

= 2 sq. feet ,, 80 sq. inches. 

Ex. a FindtheTalaeof2'8680&of3«. + -85of4f.-l'8of 5«. 

2:S680UtZs.^2^^^^^ia36v^ 

3125 
=2^^x36 

3600 

10325 -- 10325 

3600 100 

sr 103-25 = 103} pence. 

83 — 8 
*8S of 4#« = -^-r- X 48 pence 

75 6 

= 40 pence. 
1*8 of 5 = l|x 60 pence 

= ^x60 

ss los pence. 

Hence 103}+40-10S pence 

= 35} pence 
B2ff.„ llJdL 
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Ex. 9. Find the difference between '70323 of a pound, 
and 3-5646 of a shilling; and reduce 7#. „ S^^jfffyl to the 
decimal of half a guinea. 

£ 

•70323 

20^ 

' 1406460 
Subtract 35646 

10-5 

.'. the difference is 10«. i&cL 

Next, writing the fraction as '1942, we hare to re- 

duce *Is. „ 8*1942^ to the dedmiJ of half a guinea ; Le. to 
bring 92'1942 pence to the decimal of 126 penca 

126) 92-1942 ('7317 
3 99 
214 
882 
000 

Ex. 10. Reduce £t^=z, to the fraction of a £sirthing : and 

lo7o 

divide ;£-36 by '001875. 

12 



^;0|6 = J^. 1 x5{Qxl2x^=^^^2 288 



1875 I'm* AW 5x3125 15625* 

HjCI 625 
25 

Also 1-876) 360-000 (£192 

17250 
3750 
0000 

Ex. 11. Find the sum of -65 of £4 „ lOs., and *0125 of 
£o „ I3s. „ 4d,; and reduce the whole to the decimal of £3. 

9. d. 



'65 
90 


113 „ 4 
12 


58-50 shillmgs. 


1360 
•0125 




6800 
16320 




17*0000 pence. 
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Hence the sum is 68*. „ 6d. + 1*. „ 6d.=69i. „ lid. 



12 
60 



irooo 



59'9ld 



'99861 decimal of j€3. 
Obs. In reducing any given quantities to the decimal of a 
higher denomination, a method similar to that used in the rule 
of " Practice " may sometimes be conveniently adopted : the 
process will be more clearly understood after " Practice" haH 
been studied: meanwhile in order to explain the method, one 
or two examples are subjoined. 

Ex. 12. Reduce 19 cwt „ 3 qrs. „ 10 lbs. to the decimal of 



a ton. 



{ 



1 cwt. 

19cwi 

2 qrs. 
Iqr. 

4 lbs. 
4 lbs. 
2 lbs. 



^ = '05 of a ton 

19 (multiply by) 

= '95 of a ton 

J of 1 cwt. = -025 

iof2qr8. =-0125 

;^ of Iqr. = -0017857 &c 

^ of Iqr. = -0017867 &o 

J of 4 lbs. = '0008928 &c 

-9919642 &c. of a ton. 



Ex. 13. Reduce 3 weeks „ 3 days ,, 13 hours „ 36 minutes 
to the decimal of a lunar month. 



3 weeks 

3 days 
12 hours 

1 hour 
30 min. 

6 min. 



f = '75 of a month. 

^of 3 weeks ='10714285 &c. 

J of 3 days ='01785714 &c. 

T^ of 12 hours = -00148809 &c 

J of 1 hour = -00074404 &c 

J of 30 min. = -00014880 &c 

•87738092 &c. of a month. 



Obs. In converting shillings, pence, and farthings into 
florins, cents, and mils ; and conversely, in finding the value of 
florins, cents, and mils in ordinary money, it is sufficient to 
remember that we are dealing with a '^ decimal coinage,*' i.e. 
that if we express shillings, pence, and farthings as the decimal 
of a pound, thereby expressing them as tenths, hundredths, 
and thousandths of a pound, we do in reality convert them 
into florins, cents, and mils ; and conversely, that if we express 
any given number of florins, cents, and mils as the decimal of a 
pound, and find the value of that decimal, we do in fact 
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express the ralue of the florins, cents, and mils in shillings, 
pence^ and farthings. 

Thus, let it be required to conrert 16«. „ l^d. into florinsi &c. 



12 
20 



7-5 



16'626 



^£'83126 



and since a florin is one-tenth, a cent one-hundredth, and a mil 
one-thousandth of a pound, £'83126 •= 8 florins „ 3 cents „ 1^ 
mils. 

Oonyersely, if it be required to e:tfpress 9 florins „ 9 cents,, 8 
mils as shillings, &c., we write 9 florins „ 9 cents „ 8 mils 
= ;£'998 ; and the yalue of this decimal is found in the ordi- 
nary manner, thus : 

'998 
20 

19*96 
12 



11-62 
4 



2-08 

Whence I9s. „ lid. „ 2^s/ar. is the value required. 

We may howeyer conyert florins, cents, and mils into shil- 
lings, pence, and farthings by inspection, if we attend to the 
following principles : 

The florins must be doubled for shillings; then, since 6 

6 1 

cents are y—r or — of £1, or Is., we obsenre that wheneyer 

the number of cents is 6 or upwards, we must subtract 5 from 
that- number and add 1 to the number of shillings already 
obtained. Any remainder that there may now be from tho 

cents, ie. the hundredths, may be expressed with the mils as 

47 
thousandths; (e.g. 4cents, 7 mils = ;£-047 =^Yooo *^ *°^ ^ * 

farthing is £ zr^, these thousandths, being in value somewhat 
960 

less than farthings, will be in number somewhat more than the 
farthings equiyalont to the remainmg cents and mils. 

Now it is found in practice, that we may reckon these 
thousandths as farthings if, when tho number of thousandths 
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be 12 and upwards, we subtract 1 from them ; if, when the 
number be 36 and upwards, we subtract 2. 

Thus, to bring 7 florins „ 8 cents „ 9 mils to shillings, &a 

7 florins=14>f.; 8 cents=5 cents+3 o^ts=l«. + 3 cents; 

Add 1#. to the 14>f. already obtained ; and we have 

15#. + 3 cents + 9 mils ; 

but 3 cents + 9 mils = 39 thousandths ; 

from this number, since it is larger than 36, subtract 2; Le. say 

39 thousandths = 37 farthings = d^d. 

Hence the result is 15«. „ 9^. 

This method may be extended to ordinary decimals of £1^ 
by noticing that when the fourth place of decimals is 6 or 
upwards, it must be reckoned as an additional figui*e in the 
third place ; and any places of dedmals beyond the fourth 
may be neglected, as only influencing the fractional part of a 
farthing. 

Thus, to find the value in shillings, &c. of ;£*7169. 

Here, since the fourth figure is more than 6, increase the 
third figure by 1, and read '717 : double the first 7, and say 
14 shillings ; from the 17 thousandths subtract 1, and say 
16 farthings, or 4£?. ; 

Therefore the result is 14«. „ 4d.f which is correct within a 
fraction of a farthing. 

Again, to find the value of j6*358994 

Here, after adding 1 to the figure in the third place, be- 
cause of the 9 in the fourth place, and neglecting the figures 
in the Jifth and nath places, we double the 3, and to the 6«. 
thus obtained we add Is, on account of the 6 in tlie place of 
hundredths ; then, remembering that the 8 in the place of 
thousandths is to be taken as 9, we say 9 farthings are 2^d. ; 

Hence 7$. „ 2^. is the result, correct within a fraction of a 
farthing. 

The method of converting by inspection pounds, shillings, 
pence and farthings, into florins, cents and mils, i. e. into the 
decimal of a pound correct to the third figure^ would be as 
follows : 

Halve the given number of shillings for the first place of 
decimals, and reckon the odd shilling (if there be one) as 6 in 
the second place ; bring the pence and farthings into farthings, 
and if the number of fiEurthings be between 12 and 35 (inclu- 
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sive) increase it by cne^ if the number be 36 and upwards 
increase it by two^ and add this number to the second and 
third places of decimals, or, if it be a number less than ten, to 
the third place. 

For example, let it be required to turn 9«. llj^^ into florins, 
cents and mils. 

Halve 9, and the result is 4, with 1 over ; write 4 in the 
first place of decimals, followed by 5 in the second place for 
the odd shilling: then 11|£?.= 47 farthings; and this, increased 
by 2 since it is more than 36, must be added as 49 to the 
second and third places of decimals : thus 

•46 
49 

. -499 
i e. 4 florins, 9 cents, 9 mils. 

The decimal of £\y worked out at length, would be '499458^. 

Similarly, taking 16«. \ld, we should halve 16, and write the 
7 farthings as 7 in the third place ; thus, *807 : the decimal, if 
worked at length, would be '807296& 

Similarly, 7#. 3 Jd would be thus expressed as a decimal of £ I , 

•36 
15 

•366 (worked at length, •364683). 

Again, 4«. 9j£f. = -240 (worked at length, '23968S). 

It is manifest that decimals thus obtained to three places 
are sufficiently accurate for addition, subtraction, or division ; 
and for multiplication by any number not exceeding 10: but 
for multiplication by higher numbers, every additional figure 
in the multiplier would require an additional place of decimals 
in the multiplicand. 

EXEECISB X. 
SEDUCTION OF DIICIMALS. 

1. Reduce to the decimal of £1 the following sums : viz. 

(1) 3». „6H (2) 4*. „9(f. (8) 17*. „7jrf. (4) 19*. „ 4i<^, 

(5) 11*.,, llfd 

2. Find the value in shillings, pence, &c., of the follow- 
ing: viz. 

(1) ;£*375. (2) £^\t, (3) £-92916. (4) £6812r>. 

(6) £-78975. 
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3. Reduce f of a gmnea to the decimal of £1 ; also to the 
decimal of £5. 

4. Reduce 8'775 shillings to the decimal of a moidore 
(27*.). 

5. Express 3 qrs. „ 3 lbs. „ 1 oz. „ 12f drs. as the decimal 
of 1 cwt 

6. Find the yalue of 7385 of a mark (13*. „ 4d.). 

7. Bring As, „ llfc^. to the decimal of £\ ; and find the 
value of ^'009765 ; and express 5«. „ Sid. as the decimal 
of £7. * 

8. Find the yalue of *089285714 of 7*. 

9. Express 3*74976 minutes as the decimal of a week. 

10. Reduce 12 hrs. ,, 65' ,, 23^" to the decimal of a day. 

11. Express 1 florin „ 6 cents „ 8} mils as shillings, 
pence, &c. 

12. Reduce 6«. „ ^d, to florins, cents and mils. 

13. Find by inspection, neglecting the fractions of a far- 
thing, the value of each of the following decimals of £1, viz. : 
(1) 7416. (2) -8793. (3) '3142. (4) '6839. (6) '0608. 

14. Write down by inspection the value in shillings, &c. of 
(1) 7 florins „ 6 cents „ 5 mils. (2) 9 florins „ 9 cents „ 9 mils. 

(3) 3 florins „ 6 cents „ 8 mils. (4) 14 florins „ 7 cents „ 1 mil. 
(5) 6 florins „ 2 cents „ 3 mils. (6) 5 florins ,; 8 cents „ 7 mils. 

15. By inspection obtain the florins, cents and mils equiva- 
lent to (1) 8*. „ 2i<3?.; (2) 17*. „ nd,'y (3) 3*. „ lUci. ; 

(4) 19*. „ lOid.; (6) 12*. „8icf.; (6) 15*. „ 9Sd 

EXEECISS XI. 
MISCELLANEOUS QXTESTIONS m DECIMAL FRACTIOKS. 

1. Reduce the following vulgar fractions to decimals : 

3^ 9 130 VI 106 It"^ Aa^ fl^VL 
16» 40' 625' 125' 125' 62^' ^^ **5r 0^5 + 5 • 

2. Reduce the following expression to a decimal : 

63 610 45 39^ 
125 625 640 "*" 800 ' 
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3. Reduce the following fractions to circulating decimals : 

il J17 Jl_ 12? 6401 2055S 

990 ' 275 ' 1666 ' 660 ' 4960 * *»*' 33300 ' 

4. Reduce the following expression to a decimal : 

6^ 102 j4^ ^ 22 
12 "*" 220 "*" 42 ■*■ 22 "*■ 46 ' 

6. Reduce the following decimals to vulgar fractions : 

•6, -005, -025, -0025, 7*6, '075, '004, '4, -01015625, 

•71576, -0071576. 

6. Multiply -013 by -00016, 32 66 by '0467, '764 by -356, 
•07 by -0762, 3*05 by '203, '07853 by -0476. 

7. Divide 1-26 by -0026, 144 by -012, 19-5 by -00013, 
76-2151 by -325, 12370-519 by 6-426, 1708-4592 by -24. 

8. Divide -6 by -6^, -64 by -5846 li, "7 by -l4285f , 
234-4 by 7f . 

9. Reduce 4s. „ 9d. to the decimal of £l, 

2'l8. to the decimal of a guinea. 
4-29. to the decimal of three guineas. 
2s. „ 6d, to the decimal of 13s. „ 4^. 

10. Multiply -03574 by 7-46, -1787 by 3*73, ^014296 
by -01492. 

1 1. Reduce 3 oz. ,, 12 dwts. to the decimal of a pound troy. 

12. Find the value of | of a guinea + ^^ of a crown + ^ of 
7s. „ 6d»-^ of 2d. ; and express it as the decimal of 16^. 

13. Reduce the following expression to a decimal : 

4i+4A+g+2A+4A. 

14. Reduce 3oz. „ Ojf dr. to the decimal of a lb. avoir- 
dupois. 

15. Find the value of *548671875 of one day. 

16. What is the difference between f of 5^ metres and 3^ 
of 9} yards, 12 yards being equal to 11 metres ? 

5 

17. Add together - of =, 4j, n^, and -j and reduce the 
result to a circulating decimal. 
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18. Reduce 7 wks. ,, 1 d. y, 10 h. „ 12^ „ 14" to the decimal 
of 3^ months. 

19. Reduce Im. „650yds. to the decimal of a league 
(3 miles). Also reduce 2 m. ,, 3 p. „ Oyds. ,, 2 ft. „ 6in. to the 
decimal of 2 milea 

20. Find the value of 61 188 of 1 m. ,, 630 yds. 

21. Find the value of J of l^^ of 3 acres - 10*04376 sg. 
yds. + -1136 of3i sq.ft. 

22. Reduce 3 bush. „ 7j^ gallons to the decimal of a 
quarter. 

23. Find the value of '626 of 6*. + '76 of Ijc?.- "65626 of 
1«. + '175 of a pound - -376 of 10*. „ Qd, 

24. Find the greatest common measure of 1363*6 and 

231-48. 

25. Reduce 17*. „ 6^(f. to florins, cents, and mils ; and find 
the value in shillings, pence, &c., of 8 florins ,9 3 cents „ 7 mils. 

26. Multiply the sum of 6 florins „ 3 cents ^, 5 mils, 
8 florins ,, 9 cents „ 6 mils, and 4 florins ,, 3 cents „ 4 mils, by 
30 ; and express the value of the result in pounds, shillings, &c. 

27. Divide the difference between £317 t, 7 florins « 7 
cents, and £212 „ 6 florins „ cents „ 2 mils, between 14 per- 
sons ; stating the value of each person's share in pounds, shil- 
lings, &a 

28. Shew that 3 times the difierence between 7 florins ,y 
6 cents „ 7 mils, and 4 florins „ 3 cents „ 2 mils, is the same 
as twice the sum of 3 florins „ 8 cents „ 6^ mils, andl florin „. 
cent „ 1 mil. 

THE METRIC SYSTEM. 

Examples must be worked by decimals from the equivalents 
given in the Tables : for instance, if we assume that 

£1 = 25*2215 francs, 

then 10*. = 12*61075 francs, 
1*. = 1-261075 francs, 
l(f.s '105089 francs. 
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ConYersely, 

1 franc = 9*51384 pence = 9cL „ 2065 far. 

5 francs = 47*5692 pence = 3*. „ lid, „ 2'276/ar. 
10 francs = 95*1384 pence = 7*. „ lid. „ Oifar, 
20 francs = 190*2768 pence = 15*. „ lOd. „ l^far. 

Hence for small sums we may with tolerably dose approxi- 
mation reckon that 

1 franc = did. 

5 francs = 4s. 

10 francs = 8s. 

20 francs => 16*. 

If we might assume that ^1 = 25 francs, we should bring 
pounds into francs by multiplying by 25, t.e. by adding 2 
ciphers and dividing the result by 4, (cf. § 31 : 2,) and we should 

bring shillings into francs by multiplymg by - . Conversely, 

francs into pounds by dividing by 25, i.e. multiplying by 4 and 
dividing the result by 100, (cf. § 31 : 7,) or, which is the same 
thing, by multiplying by '04 ; and francs into shillings by mul- 
tiplying by g or -- . 

For length, we find by the tables that a metre = 1 yd. „ 
Oft. „ 3*3708 inches. 

Whence, by expressing the inches as a decimal of a yard, we 
obtain 1 metre = 10936^ yards. 

Whence we may say approximately that a metre = 1^ yds.; 
while the kilometre, the measure -generally used for distance, 

is about 6 yards short of 5 furlongs, or about ^ of a mila 

Conversely, by dividing 1 by 1*09363, it will be found that 
1 yard= *91438 metre ; whence the other denominations of feet, 
inches, &c. can be determined. 

For weight, we are told that the kilogram is equal to 2 lbs. 
,, 3 oz. „ 4*383 drams ; or, converting the ounces and drams 
into the decimal of a lb., to 2*204621 lbs. avoir. 

Now let it be required to express a lb. in grammes ; we 
should say, using the contracted form of division. 
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2*204621) 1000*0000 (453*5927 
1181516 
79205 
13066 
2043 
59 
16 

Hence the lb. ayoir«= 453*5927 grammes. 
Also, in order to obtain the ton, we multiply this nombei^ 
?)y 2240, the number of lbs. in a ton ; 

453*5927 
2240 

181437080 
9071 854 
9071854 



1016047*6480 



Hence the ton = 1016047*648 grammes, ' 

= 1016*047648 kilog. 

Whence in practice it will be sufiScient to take the ton as 
equivalent to 1016 kilog. 

Had it been required to express directly a ton in the de- 
nomination of kilogs, we should have obtained the same result 
by dividing 2240, the number of lbs. in a ton, by 2*204621. 

2*204621) 2240000 (1016*047 
35 379 
13333 
105 

17 
2 

[Besides the French, several of the German coins and 
measures ought perhaps to be noticed. A "Thaler" being 
very nearly equal to Ss,, it is sufficient to multiply any number 
of thalers by '15 to find the equivalent pounds sterling. In 
lineal measure the German "Buthe" is abdut 12^ feet; and 
the ^^meile" is nearly 4| miles. "While in cubic measure the 
" Schacht-ruthe" is nearly equivalent to 6 cubic yards. — ^There 
are however no authorised tables of comparison : and these 
somewhat rough approximations are not intended to serve for 
scientific, but only for ordinaiy calculations.] 

L2 
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ExBSdSB XII. 

1. Express a yard as a decimal of a metre; and a mile in 
the denomination of kilometres. 

2. Express a dekametre in the denomination of yards ; 
and a myriametre in the denomination of miles. 

3. In 50 miles, how many kilometres ? in 8 myriametres 
how many miles ? 

4. Express a furlong in metres. What is the least num- 
ber of metres that contains an exact number of inches ? 

5. A traveller on the Continent paid the following Hotel 
bills in English money, reckoning 25 francs to the sovereign : 
(1) Hotel de France 22 frs., (2) Hotel de la Gouronne 81*50, 

(3) Hotel de la Ville 91-60, (4) Hotel Belle Vue 252-26, (5) Hotel 
du Lac 69*50, (6) Schweizerhof 217*20. Find in each case the 
exact sum he paid. 

6. Pay in francs the following English bills, reckoning 25 
francs to the pound : (1) 17«. 6d., (2) £1. 8s, 3d,, (3) ^1. 13«. 9d., 

(4) £4. 16*., (6) £6. 16*., (6) £5., (7) £43. 8*. 

7. Beckoning the pound sterling as 25*2215 francs, what 
is the value of 26000 francs ? and what sum in francs is £50 1 

8. In accepting in English money the payment of a debt 
of 10000 francs, how many pounds, &c. did the creditor gain 
or lose by reckoning 25 instead of 25*2215 francs to the pound? 

9. Express an acre in the denomination of hectares. 

10. The docks at HSvre covering 30 hectares, find their 
area in acres. 

11. In a field of 13 acres, 3 roods, 17 poles, how many 
hectares? 

12. If the area of a lake be 7*0457 acres, what is the equi- 
valent in hectares ? 

13. How many gallons in a cask containing 100 litres ? 

14. In 57 gallons, 3^ pints, how many hectolitres I 

15. How many pounds, shillings, &c. would 4*732 hecto- 
litres cost at 12 florins, 2 cents 5 mils per gallon ? 
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16. If we take the litre as 1} pints, and allow that the 
bottles of the Litre Wine Company hold }th more than the 
English reputed quart bottles, find how much short of a quart 
the attenuated English bottle now holds ? 

17. In 100 kilolitres how many bushels ? 

18. Express the lb. Troy in hectograms ; and the lb. avoir- 
dupois in kilograms. 

19. What weight in avoirdupois is equivalent to 42^75 
kilograms 7 

20. Find in myriagrams the weight of a gun of 4 taaSy 
19 cwt. 2 qrs. 19 lbs. 

21. A gallon of water weighs 10 lbs. : express the weight 
of a litre of water in kilograms. 

22. Express in kilograms the excess of 263 myriagrams 
over 2 tons, 9 cwt. 3 qrs. 24 lbs. 

23. A French gun projected a shot- of 31*6874 kilograms 
a distance of 5000 metres : express the weight and the dis- 
tance in English measure. 

24. An English gun threw a shot of 134 lbs. 5} oz. a dis- 
tance of 3f miles : express the weight and the range in kilo- 
grams and metres. 

25. The pendulum vibrating seconds in the latitude of 
London is 39*1393 inches : express that length referred to the 
metre. 

26. The metre being the ten-millionth part of a line drawn 
along the meridian from the pole to the equator, what is the 
earth's circumference in miles ? 

27. If the earth's polar diameter be 1271*057 metres, and 
the equatorial diameter 7924 miles, find the polar diameter in 
miles, and the equatorial diameter in metres. 

28. Express a cubic yard as a store. 

In 6028*45915 cubic feet^ how many stores ? 

29. An embankment contained 245*95994 stores: how 
many cubic yards and cubic feet were there in it ? 

30. In 3661 thalers, how many pounds, shillings, &c ? 

31. Find the equivalents in English measures of 273 Ger- 
man '' meiles," 87 '' ruthe»" and 139 " Schacht-ruthe." 
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CHAPTER XL 



PRACTICE. 



§ 82. The rule of Practice does not involve any principles 
beyond the roles of compound multiplication and division, 
fractions and decimals. It depends for its use on the readi- 
ness with which the above rules can be applied, and on the 
dexterity and quickness which the calculator acquires by prac- 
tice. It is the rule by which, when the price of an unit of any 
denomination is given, we can find the price of any quantity of 
the same kind of goods. 

The method of its application is as follows : when the cost 
is required say of 90 yards at the rate of £2 ,, 16«. „ 6d, per 
yard, instead of reducing £2 „ 16«. „ Sd. to pence, multiplying 
the pence so obtained by 90, and then dividing that result 
again by 12 and 20 to bring the result back into pounds, shil- 
lings and pence, we should by practice first multiply 90 by 2, 
to find what the 90 yards cost at £2 per yard ; and we should 
then take the remainder of the money given as the cost price, 
and subdividing it so that each part may be a simple fraction 
of that which preceded it, we should find the cost separately of 
the 90 yards at each of these rates, and then add together the 
several results. 

The form of the process is as follows : 



108, 



5s. 
Is. 
6d. 



£90 =cost of 90 yards at £1 per yard 

2 (multiply by) 

= cost of 90 yards at £2 per yard 

= 10*. 

10 = 59. 

1*. 



180 
45 
22 „ 
4 „ 10 = 



9» 



5 = 



6d. 



;£264 „ 5 ^ cost of 90 yards at £2 „ 169. „ 6d. 
per yard. 



§ 83. The common difficulty in working examples in practice 
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consists in finding out what are the proper fractional parts 
into which to subdivide either the money which is the price, 
or the quantities of the goods purchased; the tables giyen 
below will supply this information. 

An Aliquot part, (aliquoties, a certain number of times), 
sometimes called a submultiple, may be thus defined : 

One number or fraction is said to be an aliquot part of 
another number or fraction when the first is contained an 
exact number of times in the second. 

The first table contains the aliquot parts of £1, so arranged 
that the simple aliquot parts, or the aliquot part of an aliquot 
part, may be found at once by inspection. The figures written 
by themselves or before a semicolon are shillings; those after 
a semicolon are pence or fractions of a penny. 



• 


^ • 


i 
1 


i 

iS 


• 

1 

PC4 


i 

QQ 


i 


1 


• 


i 
1 

1 


1 
1 


Of£l. 


10 


6; 8 


5 


4 


8; 4 


2; 


6 


2 


1; 8 


1 


; 6 


Half 


10 


6 


3; 4 


2; 6 


2 


1; 8 


1; 


8 


1 


;10 




.6 


; 3 


Third .... 


'6; 8 


8; 4 




1; 8 


1;4 






10 


;8 






;4 


; 2 


Fourth... 


6 


2; 6 


1: 8 


1; 3 


1 


;10 




7i 


;6 


; 5 




.3 


Fifth .... 


4 


2 


1; 4 


1 




; 8 




6 




; 4 






Sixth 


8;4 


1; 8 






.10 


;8 






5 


;4 




;2 


; 1 


Eighth . . 


2;6 


1; 3 


;10 




7* 


;6 


; 6 




. 31 


;8 


; 2i 


;U 


: f 


Tenth . . . 


2 


1 


; 8 




. 6 




; 4 




8 




; 2 






T>Telfth . . 


1;8 


;10 






: 6 


;4 






, 2i 


;2 




;i 


; ^ 


Twentieth 


1 


: 6 


; 4 




. 3 




; 2 




u 




; 1 






Fortieth . . 


;6 


; 8 


; 2 




.1* 




; 1 




: f 




: h 







Here the simple aliquot parts of a x>oimd, the half, third, 
&C., are found in the ^ft hand column, and in the upper 
column ; the aliquot part of an aliquot part is found in the 
square opposite to the one and under the other part ; thus 
opposite to eighth and under fourth is found ; 7^; which 
shows that 7^^. is the eighth of 2k fourth of a pound. 

If now the price of 3107 yards at *l\d, per yard be re- 
quired, by dividing 3107 by 4 and the result by 8, we obtain 
the eighth of the fourth of £3107> and so find tiie cost re- 
quved; thus 
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4) 3107 
8 ^76^15 
£^7 „ 1*. „ lOjd 

The following tables of aliqnot parts will be found useful 
for reference : 



1^. 

li 
2 

3 

4 
6 



Of a Shilling. 

m 

• • • IB • • I 

• • • SuO • • < 



>» 



)9 



n 



Idwt. 16gr. „ 

0/an Acre, 
2 roods... are 
1 rood ... is 
'JO poles ... are 

10 ... ji 1 



i 
i 

i 



i 



Of a Pound Troy, 
6oz. .*. are 
4 

«J « t . 

2 

1 oz. 10 dwts. „ 

1 ... is 






•• 



10 cwt. .. 
6 
4 
2 
1 



AVOIRDUPOIS. 

Of a Ton. 

are . • • 



is 



i 



2 qrs. ... are 
1 ... is 



Of an Ounce Troy. 
10 dwts. are 
6 dwts. 16 gr. 
5 ••• 

4 ... „ 

3 dwts. 8 gr. „ 
2 dwts. 12 gr. „ 

^ • • • 



i 
1 



i 



16 lbs. 
14 

8 
7 

3i 

2 



. • . 



• *• 



... 



are 



... ^ 

... i 
... f 

...Jof^ 

...^Of j 
... Jof |- 
i.. f of ^ 
... jof J 



O/a Quarter. 
14 lbs. ... are 

7 
4 

3i 



• •• 






» 

i 
f 
* 



A 



8 oz. 
4 
2 
1 



Of a Pound. 

• • are 



... 



9i 
it 

is 



i 



§ 84. The following examples worked at length will ex- 
hibit the usual form of questions in practice : 

Ex, 1. Find the cost of 6 cwt. „ 3 qrs. „ 7J lbs. at £7 „ 
■ '^. „ 6d. per cwt. 
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2qnL ; J 



Iqr. 
/4ibft. 



i 
I 
» 



£ 
7 



13,6 
6 



= ooat of 1 €vt 



46 



1„0 



3„16„9 
1„18„44 



£52 



n^ n 






. 6cwt 

. 1 qr. 
4 lbs, 
.3ilba. 

6 owt3 qrs. „ 7ill». 



Here as £7 „ 13«. „ 6dL is the cost of 1 cwt we multtply 
that sum by 6 to obtain the ooat of 6 owt ; then, aa S qra* are 
I of 1 cwt, I of the top line will be the cost of 2 qra, ; and aa 

1 qr. woold cost ^ of the cost of 2 qra,, we divide the cost of 

2 qrs. by 2. Next 4 lbs. being ^ and 3^ lbs. being ^ of 1 qr„ 
we divide the cost of 1 qr. by 7 and 8 succoaaivoly* Theae 
resolts being added together, give the oost of 6 cwt „ 3 qra, „ 
7ilbs. 

In cases where there are fractioniU parts of a penny re- 
maining after division, it is easier fiot to reduce thorn to 
farthings, but to leave them as fractions of a penny. If 
greater accuracy should be thought necessary, the iVacUon 
in the answer may be reduced to farthings. Thus the answer 
of this example may be written £52 „ 6«. „ 4 d, „ mjhr, 

[N. B. If any fractional parts of a ilftrthing remain, never 
write the farthings as a fraction of a penny, to be followed 
again by another fraction, which is meant to represent (but 
does not represent) the fraction of a farthing. But write the 
farthings as whole numbers of a separate denomination, fol- 
lowed by their own fraction.] 

To avoid these fractions, we may use, as in the next ex- 
ample, decimals of a penny. 

Ex. 2. Required the price of 9 yds. », 1 ft. „ 6^ in. at 
£2 „ fi*. „ lid. per yard. 

£ s, d. 



Ifoot 



{ 



4 inches 
1^ inches 



i 



4 



» C » 7^ = oost of 1 yard. 
9 



20 „ 10 „ 7-5 = 9 yards. 



15 



n 



2*5 = 1 foot 

6 „ O'Si ^ 4 inches. 

1 „ 10-812 =s l\ inches. 



^21 „ 12 „ 



9'646s 9ydfl.„lft.„ftiin. 
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Here the cost of 1 yard was. multiplied by 9 to obtain the 
cost of 9 yai^lfl ; and ^ the cost of 1 yard was taken for the 
cost of 1 foot ; then i of the cost of 1 foot, and ^ of the cost of 

1 foot were taken for the cost of 4 inches and of l^ inches 
respectively ; and these results were added together to obtain 
the entire cost required. 

§ 85. The solution of questions in practice may often be 
simplified by yarious artifices, of which the following are given 
as the most commonly useful : 

1. Taking aliquot parts of aliquot parts whose value is 
already found : thus, 

Find the price of 3729 articles at £7 „ 2s, „ 9|^i 
8. d. £ 

2 „ 6 jt 3729 would be the cost of the 3729 articles at £\ each. 

7 



3i 



4 



2t>lU3 = cost of the articles at £1 each. 

466 „ 2 ,, 6 = 2*. „ 6^. each. 

68 „ 6 „ 3j= 35^. each. 



;£26627 „ 7 „ 9i = £1 „ 2*. „ 9Jfl?. each. 

Since the 3729 articles at ^1 each would obviously cost 
^3729 if we multiply that sum by 7, we obtain the cost at £7. 
As 2*. „ 6^. is J of il, by dividing 3729 by 8 we find the cost 
at 2*. 6^. Next we see by the table that 3|^. is the eighth of 
an eighth of ^1 ; hence by dividing the cost at 2*. „ 6cf. by 8, 
we obtain the cost at Z^d, 

2. Taking aliquot parts of the midtiplied quantity instead 
of the original quantity : thus, 

Eequired cost of 108 articles at ^7 ,i 17«. ,, 6(/. 

108 

7 



17a „ 6d, 



i 



766 
94 



19 



10 



^850 „ 10*. 
Here 17*. „ 6^., which is J of ^1, is J of £7. 

3. Taking the price as if somewhat higher than' that 
which is given, and subtracting a convenient aliquot part : 
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Find the price of 218 cwt at £5 „ ISs. „ 4d, 

Here £5 „ IS$. y, 4d. = £6 les$ U, „ Sd. 

Therefore find the coet at £6, and mbtraa the cost at 



1#. „ Sd, 



1 

■nr 



218 
ft 



Subtract 



1308 
18 „ 



=prioeof218cwt at/1 each. 

= /6each. 

3#.„4rf.= l#.„8rf.each. 



£l2S9„l6s.y,8d.= ;^5„18f.„4rf.each. 



4. Introdndng a rabridiarj aliquot part to fiicilitate cal- 
culation, and eranog it from the result when the other parte 
bare been found from it : e, g. 

Find the cost of a gilrer-gilt goblet weighing 3lb& ^ 4 oas, ,, 
15gri. at J^ „ 7'. 99 8^. per ounce. 



3]bs. „ 4oz.»40oz. 



Idwt 



{ 



12gPB. 

3grs. 



,V 



1 

T 



£ s. d, 
2 » 7 „ 8 
40 



95,,6„8 = cost of 3 lbs. 9, 4 oz. 

%„\l = cost (to be erased) of 1 dwt 
1 „ 2iV=co«t of 12gr8. 

3{f='0ostof 3gr8. 

jS95 m 8 « lA=co0t of 3lba. ^ ^os. 



ISgnt 



In tins example, as the denomination of dwtg. does not 
occur in the question, and as a ffrain is ^f^ part of an ounce, 
it is conrenient to introduce the price of 1 dtct; not, howerer, 
to aifect the answer, but only ,to derire from it the price of 
ISffrg. When this has been done, the cost of the 1 dwt. must 
be erased, before the products forming the answer are added 
togeth^* 

6. When the price is an eten number oftfiiUingg, roultiplT 
the number of artides bj halfihe number of shillings, cut off 
the unit$ figure of the result, and double it : reckon this 
doubled figure as the gkiUinggj and the rest of the result as 
the pounds of the answer. 

The reason of this will be easily understood from the fol- 
lowing example : 

The cost of 313 articles at 18f. each, is 
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je313x\i^ 2817 



10 



10 



£281^ 



=£2SHi 
= je281 „ 14#. 

Hence if the cost of 648 articloB at 38 shillings each be re- 
quired, the result may be obtained by multiplying 648 by 19, 
cutting off and doubling the units figure for the shillings, and 
taking the rest of the product for pounds ; thus 

648 

19 

1231,2 
therefore £1231 „ 4«. answer. 

6. When both the fiictors in the question contain frac- 
tional parts which are complicated, it is a good plan to turn 
the money factor into pounds and the decimal of a pound, and 
then to take the aliquot parts of the other factor: e.g, let it bo 
required to find the price of 11 tons „ 17 cwt. „ 1 qr. „ 19 lbs. 
at £1 „ 7a ,, 4^. per toa 

Here, reducing 7«. „ ^d. to the decimal of a pound, we 
find it is ;£-36875. 

Hence the cost of a ton is ^7*36875. 



10 cwt. 



{ 



5 cwt 

2 cwt 

1 qr. 

/14 lbs. 

( 4 lbs. 

lib. 



i 



7-36876 
11 



r 









81*05625 
3-68437, &c. 
1*84218, &c. 

•73687, &c. 

09210, &C. 

'04605, &C. 

'01315, &c. 

'00328, &c. 



87-47425, &c. 



therefore, determining the shillings, pence and farthings by 
inspeetioHf £S7 „ 9*. „ S^d. is the cost required. 

7. It is often conyenient to obtain the required cost by ex- 
pressing each of the quantities as a decimal of the highest 
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denomination given, and then multiplying one by the other 
even when the decimals are not finite. But it must be borne 
in mind that if in such cases the operation be performed in the 
ordinary way, the decimal result will only be approximately 
correct ; and that at least as many figures as there are in the 
longest of the two factoro, whether multiplier or multiplieand, 
must be rejected as incorrect from the right hand of the pro- 
duct. Here however the value of tho " contracted form " of 
multiplication becomes apparent, as giving far greater accuracy 
^vith no greater labour. This the following example will illus- 
trate: 

Required the cost of 19 cwt. „ 3 qrs. „ 17 lb. at ^£5 „ lU. 2d, 
per cwt. 

Reducing these quantities to the decimal of a cwt. and of 
£1 respectively, we find that it is required to calculate the 
cost of 19*90178571 &c. cwt. at £5*558i^ each. 

It might at first sight appear that if we multiplied 19*902 
by 5-568, we should obtain a product correct to 6 places of 
decimals : whereas upon trial it will turn out that only tho 
first figure is absolutely, and tho second nearly correct ; the 
others so incorrect as to be valueless. But by using ^* contract- 
ed multiplication " we should certainly obtain, (without using 
more figures in the actual multiplication,) 3 places of decimals 
absolutely correct, while tho 4th place would never be too 
much or too little by more than one. In the two processes as 
set side by side below, the contracted method gives 4 places 
of decimals absolutely cori'ect, the ordinary method only the 
first figure correct. 



19*902 


•00019901785 


6-558 


338555 


169216 


995089 


99610 


99609 


99610 


9951 


99510 


1592 


110*616316 


60 




6 



110*6207 

Hence the required cost, (determining the shillings and 
pence by inspection^) is ^£110 I2s. 4id, 
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EXEBOISE XIII. 
JSXAMPLES m PBAOnOE. 

Find the cost of 

1. 204 at U. „ Sd. 

2. 324 at £1 „ 3«. ,, 4d, 

3. 800 Bi £2 „ 09. „ lid. 

4. 640 at £7 „ 4s, „ l^d, 
6. 320 at £3 ,, Os, „ 3}<f. 

6. 682 at £12 „ lOs. „ Z^d. 

7. Find the cost of 150 oranges at 9^. per dozen. 

a The price of 266 sheep at ^63 „ 3*. „ lid. per score. 

9. The value of 85 articles at £8 „ 17*. „ 6d. for every 40. 

10. The cost of 111 things at <£ll „ lis. » ^^^ ^^ 
every 11. 

, 11. The value of 426f ounces of gold at £S » 17*. „ lOjrf. 
per ounce. 

12. The cost of 1243| cwt. at ^£3 „ 14«. „ 2d. per cwt 



13. Required the cost of 17 cwt „ 1 qr. „ 19 lbs. at 
£1 „ 58. „ 2d. per cwt 

14. Cost of 19 cwt „ 3qrs. „ 11 lbs. at £2 „ 9s. „ Sd. 
per cwt. 

15. Cost of 37 cwt. „ 3 qrs. „ 2 lbs. at ^£3 „ 14#. „ *Jid, 
per cwt. 

16. Cost of 72 cwt „ 3qrs. „ 17 lbs. at 6*. „ lid, per 
quarter. 

17. Cost of 4 cwt „ 2 qrs. „ 12 lbs> at £4 „ Ids. „ 4d. per 
quarter. 

18. Cost of 5 cwt „ 1 qr. „ 23 lbs. at 7\d. per lb. 

19. Required the rent of 260 acres ,, 3 roods ,, 28 poles at 
£2 „ 15*. „ 6d. per acre. 

20. Required the cost of 30 yards „ 1 foot ,, 1$ inches at 
£6 „ 3*. „ dd. per yard. 
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21. Find the price of 7 lbs. „ 5 oz. ,, 12 dwts. „ 12 grs. at 
£4. „ 28, „ Ad, per lb. 

22. Find the cost of 2 tons „ 4cwt. „ 1 V* » 3} lbs, at 
£7 n S*» w 4J^. per cwt 

23. Required the cost of a solid block containing 3 cub. 
yards ,y 3 cub. feet ^» 192 cub. inches at ;£13 ,, Is. „ 4^, per 
cub. foot. 

24. What is the price of 4 quarters ,, 3 bushels „ 1 peck „ 
1 J gallons at 13«. „ 6d, per bushel ? 

25. Find, (taking the aliquot part of an aliquot part,) the 
price of 45 acres „ 3 roods „ 24 poles at ;£96 ,, 29. ,f S^d, per 
acre. 

26. Find, (using only one aliquot part>) the cost of 18 lbs. 
,f 7 oz. y, 4 dwts. at £5 „ 5s. „ 8d, per lb. 

27. Find the cost of 3 quarters „ 3 bushels ,, 3 pecks at 
£6 „ 16*. „ 8d. per quarter (artifice 3). 

28. Find, (introducing a subsidiary aliquot part,) the cost 
of making a road whose length is 3 miles „ 30 poles „ 5 yards 
at ^72 „ 17*. ,9 ^d, per mile. 

29. Find, (using decimals,) the price of 10 lbs. „ 11 oz. ,, 
16 dwts. „ 16grs. of gold, at ^3 „ 17*. „ lOjc?. per oz. 

30. Find the price of the following goods, each at an even 
nimiber of shillings ; viz. : 

(1) 3019 at 18*. each* 

(2) 617 at £1 „ 18*. each. 

(3) 2466 at 16*. per dozen. 

(4) 620 dozen at £2 >, 4*. per score. 

31. Find, (by decimal multiplication,) the value of 256 lbs. 
,, 2 oz. „ 15| dwts. of plate at 4*. „ 9^, per oz. 

32. Find, in the same manner, the price of 518 acres „ 3 
roods „ 7| poles at ;£118 „ 7*. „ 6d. per acre. 

33. Cost of 8 cwt. ,> 1 qr. „ 7 lbs. „ 6^ oz. at £3 ,> 3*. „ 5^^. 
per cwt. 

34. Cost of 17 dwts. „ 15|grs., at £6 „ 7 florins „ 2 cents 
y, 5 mils per lb. Troy. 

35. The value of a crop of grass growing on 3 roods „ 
31 poles „ 15^ sq. yds., at £5 „ 13*. y, 9id. per acre. 

36. The value of 7 sq. chains „ 13 poles „ 12 sq. yds., at 
jeil7 ,9 1*. „ 2|rf. per acre. 
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CHAPTER XII. 

PBOPOBTIOSr, OOMHONLT OALLED THX BULB OF THRBB. 

§ 86* It is necessary to have a clear idea of the sense in 
which the words Batio and Proportion are used, thongh con- 
fused notions concerning them are very common; and this is 
perhaps in some degree to be attributed to the fact that the 
Definition of Ratio, as generally given, is expressed in terms 
that are not sufficiently explicit^. 

Let us first endeayour to grasp the idea winch our words 
are intended to convey. We are about to institute a com- 
parison between two numbers, in order to determine how 
many times one of them is greater or is less than the other. 

Tet with the common confusion that arises from loosely- 
expressed ideas, beginners often take this to be the same 
thing as enquiring how much one number is greater or less 
than another. This is the error against which we specially 
raise a warning. It is true that in establishing the relative 

^ Eudid^s definitioD of Kalio (Bk. V. Def. 3) is thus translated : 
" Batio is a mutual relation of two mctgniivdei of the same kind t« 
" one another in respect of quantity. ^^ While in Algebra Batio is 
commonly defined as "the relation which one quarUity bears to 
<< another with respect to magnitude" By thus using the two 
terms magnitude and quantity, which in common language are 
taken as synonymous, as if they could mutually explain each other, 
a defective notion of the thing meant is conveyed. This indisfinct- 
ness in the Algebraical definition is generally removed by adding 
the words '* the comparison being made by considering what multi- 
'* pie, part, or parts the first \b of the second :** and it would be well 
if it could be removed from the Geometrical Definition, by amend- 
ing the translation. In the Greek, Euclid's definition is as follows : 
Aiyot i<TTl 5uo fieyeSCiv 6fioyev(Su ^ Kard injXi/cifriTra rrpds rfXXiyXa 
xot(2 iTx^ffis. In this the word irqXiK&nis has been rendered by 
quantity, whereas it would be better translated by some word ex- 
pressing how-many-Hmes one magnitude contains another. Eudid^s 
own meaning is made evident by the fourth definition, ** Magnitudes 
'* are said to have a ratio to one another, which when mtUtiplied 
** {voWavXcuna^ofxtva) can exceed one the other.*' 
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magfnitade of two numbers, there are two ways in which it is 
possible to make the comparison: either by subtracting one 
from the other, and seeing how much greater the one is than 
the other ; or else by dividing one by the other, and seeing 
/low many times it is greater than the other ; but it must be 
remembered that it is the second method only which is con- 
templated when the word ^ Ratio" is used. 

Take the numbers 6 and 2; 6 is greater than 2 by 4; but 
this is a comparison which has nothing at all to do with reUio; 
the ratio of 6 to '2 is found by dividing 6 by 2, and saying 
that 6 is 3 times greater than 2. 

We therefore require in our definition a word which shaU 
express the number of times one number is greater or less 
than another. Accordingly if, following the analogy of the 
word multiplicity from multiplex, manifold, we adopt the word 
quantuplicityy explaining it to mean tDhat number qf times 
one magnitude contains or is contained by another, we may 
give our definition thus : " Ratio is the mutual relation of two 
'^magnitudes of the same kind with reference to quantu- 
^^plidty^;" that is to say, the ratio between two quantities is 
determined by considering how many times the first is greater 
or less than the second. 

From this it is clear that quantuplicity, and therefore ratio, 
can only subsist between either abstract numbers, or else con- 
crete quantities which are qf the same kind: we may divide 
one abstract number by another abstract number; or we may 
enquire how many times one quantity is greater or less than 
another quantity of the same kind, comparing one length with 
a'kiother length, or one weight with another weight ; but it 
would be absurd to compare a pound weight with a yard, or 
to enquire how many times a quart were contained in a mile ; 
adopting Euclid's test, " such quantities cannot be multiplied 
** so as to exceed one the other." 

[Obs, It is very important to bear in mind, that in deter- 
mining the ratio which one quantity bears to another, we are 
seeking to establish how many times the first contains or is 
contained by the second; and that this comparison can only be 
made between quantities which are qfthe sa'qie kind,'] 

^ In arithmetic, ratio has been sometimes defined to be "the 
relation which one number bears to another with respect to qnotity/''* 
the same attempt being made to evade the ambiguous use of the 
word quantity. 
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{ 87. A ratio is nsaallj written with two dota^ one abore 
the other, placed between its two terms; thns the ratio of 
6 to 2 is written 6 : 2, where the first term is called the ante- 
cedent, ihe aeoofod ihe eonsequenL 

Bnt to determine the ralne of a ratio, the antecedent is 
written as the nnmerator, and the consequent as the denomi- 
nator of a fraction ; for this will determine how many times 
the first contains or is contained in the second, since a fraction 
(see Def. 2, § 44, page 72) is a simple manner of expressing the 
dhrision of the nnmerator by the denominator ; and the magni- 
tode of the fraction thos determines the value of the ratia 

6 3 
The ratio of 6 to 2 is expressed by the fraction - , or -, which 

denotes that 6 is three timee greater than 2 ; whereas the ratio 

2 1 
of 2 to 6 wooldbe expressed by the fraction- , or ^; whidi de- 

notes that 2 is one-third qf^, i. e. is three times leu than 6. By 
this method ratios can be treated arithmetically, their values 
determined, and so compared with one another. 

§ 88. Proportion is the relation of equality subsisting 
between ratios. 

If we have two numbers as 6 and 2, of which we know the 
first is 3 times greater than the second, and two other numbers 
15 and 5, of which the first is again 3 times greater than the 
second, the ratio of 6 to 2 is equal to the ratio of 15 to 5, and 
these four terms are said to constitute a proportion. Such a 
proportion is usually written 6 : 2 :: 15 : 5, or 6 : 2= 15 : 5 ; 
and since each ratio may be written as a fraction, the proportion 

may be written ^ = ^ . 

Z o 

The first and last terms of a proportion are called the ex- 
tremes, the two middle terms the means. 

Although the two terms of a ratio, if they be not abstract 
numbers, must be quantities of ths same kind, it is not neces- 
sary that all the four terms of a proportion should be of the 
same kind: it will be sufficient that the quantities in the first 
ratio be of one kind, and the quantities in the second ratio of 
one kind ; thus 3 cwt. : 12 cwt = 7 inches : 28 inches ; and 
generally we may say, that any four quantities are propor- 
tionals wJien the first is t/te same number qf times greater or 
less than the second that the third is greater or less than tlie 
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fourth ; in other words, when the first is the same muUiple 
part or parts qfthe second that the third isqfthe fourth, 

§ 89. Since a proportion expresses the equality of ratios, 
and the value of these ratios may be denoted by fractions, the 
properties of ratios are made to depend directly upon the 
properties of fractions. 

Hence, if we take any two ratios which are equal to one 
another, for instance 4 : 12 and 7 : 21, where it is true that 
4 : 12 :: 7 : 21^ we may say 

12 21 ' 

next, reducing these fractions to equiyalent fractions haying a 
common denominator, we have 

4 X 21 ^ 7 X 12 
12x21 21x12* 
or 4x21 = 7x12; 

and as the numbers taken were not particular but general, we 
deduce the following general rule, viz. that in every proportion, 
the product qfthe extremes is equal to the product qfthe means. 

From this it follows as a necessary consequence that if the 
product of the means be divided by one extreme, the quotient 
will be the other extreme; or if the product of the extremes 
be divided by otie mean, the quotient will be the other mean. 

It is important to notice this, because upon this property 
of proportion depends the solution of questions in the Rule of 
Three ; where three known terms of a proportion are given, to 
find a fourth unknown term. 

Now, without going deeply into Algebra, we may say 
ge^icrdUy that if a, 6, c, ^ are four quantities such that 
a\h\'.c:d, we are at liberty to assume that the product of 
the extremes is in every case equal to the product of the 
means, or that ad= be ; whence by dividing each of these equal 
quantities successively by d, by a, by c, and by &, we have 

be J be 
d' a* 

.ad ad 

= — , c = -T-; 

that is to say, if a, ^, 5, c be in turn the unknown term, they 

could each be found, provided the other three terms were 

known* 

]i2 
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In the method of arranging the terms of a pruportion, or 
of '* stating the sum," as we now proceed to explain it, it will 
bo observed that we never allow only three terms to be written 
ill any proportion, but always foury three of which are known, 
and one unknown. Also, that the place occupied by the un- 
known term is perfectly immaterial ; it may be las^ or first, 
or third, or second ; for so long as the terms are correctly 
arranged, and the product of the extremes taken as equal to 
the product of means, the right result is sure to be obtained. 

It will be best now to illustrate the foregoing explanations 
by examples. 

The simplest form under which an example in the " Rule 
of Three" can stand is as follows : 

Ex. 1. Jf 17 harreli of beer cost £51, what number of 
barrels can be bought for j£93 1 

Of two different quantities of the same article, bought at 
the same rate, the one will be as many times greater or less 
than the other as the sum of money expended in the first case 
is greater or less than the sum expended in the latter case; 
hence we can form a proportion, and say 

17 barrels : Ans. barrels : : £51 : £93 ; 

wo next multiply the means together and the extremes 

together, remembering that these two products are equal; 

whence 

Ans. X 51 = 17 X 93 ; 

wo then divide equals by the same number; i.e. divide both 
sides of this equality by 51, and cancelling, or dividing both 
numerator and denominator of the fraction by 17, we get 

Ans.=^^ — 

3 

=31 barrels. 

Observe that as every proportion consists olfour terms, 
so in every statement it will be found that there are three 
known and one unknown term ; over this unknown term in 
the statement, which is usually represented by " Ans^* it is 
well to write Uie denomination which it is meant to represent. 

It is immaterial whether the unknown term be placed first, 
second, third, or fourth in the statement, so long as the other 
terms bo arranged correctly : thus, in the example giyen, we 



/ 
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Bhould have been at liberty to make either of the four follow- 
ing statements : 

Am. barrels! : 17 barrels : : £93 : £61, 

17 barrels : ^n«. barrels :: £51 : £93, 

£93 : £51 :: Ans, barrels : 17 barrels, 

£51 : £93 : : 17 barrels : Ans. barrels, 

but in each case by multiplying together the extremes and 
means we should obtain 

^n^.x 51 = 17x93. 

Be careful not to set down in the statement 

17 barrels : £51 :: Ans. barrels : £93. 

For although by multiplying together extremes and means 
we should here also obtain Ans. x 51 = 17 x 93 ; nevertheless 
we should be involved in two false ratios : as it is absurd to 
enquire Aoto many times some barrels are greater or less than 
some pounds. 

Not only must the quantities in the respective ratios be 
of the same kind, but they must be brought to the same 
denomination, if they be not so in the 'question. Suppose it 
had been asked ''If 17 barrels cost 51 guineas, what number 
of barrels could be bought for 93 pounds F" It is clear that 
the statement already given would not in this case produce 
a correct result ; and that it is not sufficient that the terms 
51 and 93 should be of the same kind, namely money ; but 
either the guineas must be expressed in the denomination of 
pounds, or the pounds in the denomination of guineas, or 
both in the denomination of shillings, before we could form 
a proper ratio. 

When after having stated the proportion, we begin to 
multiply together extremes and means, we are involved in the 
seeming absurdity of being required to multiply together two 
such concrete quantities as barrels and pounds: an unknown 
number of barrels multiplied by 51 pounds being said to be 
equal to 17 barrels multiplied by 93 pounds. But it is to be 
remembered, that the ratio of 51 pounds to 93 pounds is the 
same as the ratio of the abstract number 51 to the abstract 

! What ia meant by such expresnons as **An8. barrels^" **Ant. 
shillings," **An8. stone,*' &;c. is that the unknown quantity which 
U the Ans., is in the denomination of barrels, shillings, stone, &e. 
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number 93. We may therefore be supposed to consider only 
the abstract numerical value of the terms ; and by the prin- 
ciples of proportion we shall find the numerical value of the 
unknown term. 

Ex. 2. A bankrupts debts are ^5620, and kis effects are 
only £1405 ; what dividend wiU he pay? 

In this case it is clear, that as many times as his debts are 
greater than his effects, so many times will the pound be 
greater than the dividend or shillings he can pay in the 
pound. 

Hence, expressing the pound in the denomination of 
shillings, we shall have 

debts effects 

5620 : 1405 :: 20«. : Am. shillings, 
Ans, X 5620 = 1405 x 20, 
1406x^ 

281 
» 5 shillings. 

Ex. 3. IfVi^ tons cost £3 „ 15^., tchat will 5 cwt, cost? 

Instead of reducing each of the given quantities to their 

lowest terms, fractions may be commonly used with advantage; 

care being taken to express the quantities in each ratio in the 

same denomination. Thus, in the example given, expressing 

5cwt. as a fraction of a ton, and 15^. as the fraction of £1^ 

we have 

12^ tons : j^ton :: £Zl : £Ans,^ 



25 
2 


X Ans, : 


1 
■"4 


15 
^4' 

3 






Ans, 


_1 

4 

^£ 


2 

3 

40 


5 



= 1*. „ %d, 

Ex. 4. Jf i qf a share in a speculation be worth 
£21 „ 17*. „ 6rf., what woiM | o/a share be toorthF 
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^ : I :: 21j : Am., 
7 . 2 175 

26 
AtlS.-^X ^ X^ 

= ^16 „ 13*. „ id, 

Ex. 6. Find a fourth proportional to the numbers 27, 
2-425, 10-8. 

This example will serve to shew how decimals may be used 
in the solution of any questions in proportion. 

27 : 2-426 : : 10-8 : Ans., 

Jw«.x 2-7=2-426x10-8, 

4 

2-425 X Xg|-^ 
An8.= —^ 

L = 9-700, 

I whence 9-7 is the fourth term of the proportion. 



Ex. 6. If 123-6 lbs, cost 7*4 shillings, what number qf lbs, 
can be bouglUfor ^3*33 ? 

123-6 lbs. : Ans,\h%, :: ^^ • ^3-33, 
^n*.x?^ = 123-6x3-33, 

^wjr.x -37 = 123-5x3-33, 
123-6 X 3-.33 



Ans,=' 



-37 

9 
123-6 X 



= 1111.6 lbs. 



Bx 7. If, after paying an income-tax of *Jd. in the 
pound, a person has ^£776 „ 13*. „ 4rf. remaining, what is 
A his actiud gross income f 



I 
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Every pound of 240 pence is reduced, by paying a tax of 
*J(L, to 233 pence, and the whole income is reduced in the 
same ratio; hence 

240^. : 233e^. : : original income : reduced income, 
;: Avi. : 776S, 

233x^w*. = 240x=y^, 

10 



= £800. 

Ex. 8. The net rental qf an Estate, after dedwctxng Gd, 
in the pound for Income- Tax, and then 6 per cent, more from 
the portion which remained for the expense of collecting, i$ 
;£694 „ 13«. „ 9(/. ; what is the gross rental / 

By paying 6d. in the pound, ^100 would pay £2 „ lOs^ 
and be reduced to ^£97 „ 10«. This ;£97 „ 10«. would now 
pay a tax of 5 per cent, i.e, would pay £A „ I7s. „ 6d., and be 
thereby further reduced to £92 „ I2s. „ 6d. And the original 
income would be reduced in the same ratio : hence 

j£100 : ;£92| : : original income : reduced income, 
:: Ans. : 694|J, 



741 

8 


X Ans. ■■ 


= 100> 


11116 

' 16 ' 

15 






Am,- 


CO 







= £750. 

Ex. 9. Given that the diameter qf a circle is to the cir- 
cnn^erence as 1 : 3f ; Jind the number of revolutions made 
by a wheel whose radius is 1 foot 9 inches in a journey qf 
8 miles. 

When the radius is 1 foot 9 inches, the diameter is 3 feet 
6 inches, and we are told that 

diameter : circumference :: 1 : 3f ; 

therefore 3}> : circumference :: 1 : 3}, 

7 22 
circumference =- x -=r 

2 7 

= 11. 
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The question is now only how numy times a length of 11 feet 
is contained in 8 miles; hence, bringing iniles to feet, we have 

160 

= 3840 times. 

Ex. 10. Gieen that the areas qf circles are a* the squares 
of their diameters; there are two circular ponds^ whose 
diameters are a>s\\ : 12, and the area of the first is 3^ acres. 
Find the area qftlie second pond, 

area of first pond : area of second pond :: 11^ : 12^, 

3^ acres : Ans. acres : : 121 : 144, 

121x-4w. = 144x^, 

72 7 1 

An9. = \\\K^X:^^ 

_«04 
"121 
=4 acres „ roods „ 26i^ perches. 

Ex. 11. A dock {fains 3} minutes in 15 secotids under the 
24 hours; at noon it is 2 minutes too slow: when will it 
indicate true time f 

Take 15 seconds from 24 hours, and there remain 23 hrs. „ 
59min. „ 45 sec. The question therefore is, **(/*a dock gain 
3} mintites in 23 hours „ 59 min. „ 45 sec, in what time will 
it gain 2 minutes P 

3}min. : 2min. :: 23}f^ hours : Ans, honn, 

13 . . 5759 
^xAns.=2x-^, 

80 
^443 
30 
= 14 hours ,, 46 minutes ; 

therefore the clock will indicate true time at 46 minutes past 
2 A.H. the following day. 
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Ex. 12. Find the valtie qf 3 cwt „ 2qr9, „ II lbs,, if 
21ciet „ 19 lbs, cost £31 „ I6s. „ ^d. 

When the qaantities given in the qaestion are compound, 
we may first reduce the compound quantities in each ratio to 
the decimal of the highest denomination in either, and may 
then (in a manner similar to that suggested in ** Practice") 
use contracted multiplication and division of decimals, retain- 
ing four places of decimals in the quotient, whereby a sufficient 
degree of accuracy will be attained. 

Thus, first we must express the given weights as decimals 
of 1 cwt, and the price as a decimal of £1 ; 



(4 I ir (4 

(7 2-76 h 



2-3928i 



3*59621, &c^ cwt. 



19- 



476 



0-6785 



2716963, &Cy(SwL, 



and by inspection £Z1 „ 16*. „ 4ld, = £3T8lB. 

Hence 27*16963 : 3*59821 :: 37*818 : Ana^ 

27-16963 X Ans, ^ 3*59821 x 37*818, 

J 3-59821x37*818 

^^"~ 27'169Q3 • 
'00359821 

81873 



1079463 

251876 2*7169,6) 13*6077 (6*0086 
28786 229 

360 13 

288 1 



1360772 

Hence ;£5'0086, which by inspection- £^ „ Os, ,, 2^, is the 
cost required. 

Ex. 13. Required cost qf 56 cwt „ 7 lbs,, \f 6 cwt „ 2 qrs. „ 
ll^lbs. cost £41 „ 7s. „ 3d. 

Reducing these compound quantities to the decimals of 
the highest denominations, we have 

65*0625 : 6-65626 :: Ans, : 41*3625, 
6*65625 X ^n*. = 55*0626 x 41*3626, 

65*0625x41*3626 



Ans.= 



6*65625 
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'00413 6S5 
62*6055 



2068 1250 

2068125 

24818 

827 
207 



6*65625) 2277*5227 (342*1630 

280 6477 

143977 

10852 

4196 

202 

2 

Hence j£342 „ 3«. ,, Zd, is the required cost. 

§90. It often happens that there are more than thres 
known terms given in the questions proposed ; and it is com- 
mon to class such questions under a distinct rule called 
** double rule of three" or '^compound proportion*'; — ^they 
may, however, be all reduced to simple proportion ; and ex- 
amples will be now subjoined exhibiting the process, of every 
step in which the reason will be explained. 

Ex. 14. Xf9 men in 8 daps consume 12 sUme qfjlour^ 
how many stone toill serte 24 menf(3T 30 days t 

The process will be as follows : 
9 men x 8 days : 24 men x 30 days : : 12 stone : Ans, stone* 

Ans, X 9 X 8-24 X 30 X 12, 
3 10 

^x^ 

3 
= 10x12 
= 120 stone. 

Id making this statement^ it will at first appear as if we began 
by actually multiplying together such concrete quantities as 
men and days : we point out, however, that the 9 does not 
really represent 9 actual men, but the daily consumption of 
9 men ; and the reason why we may multiply this by 8 days, 
or repeat the daily consumption of tho 9 men 8 times over, 
will be easily understood, if we say 
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Let 1 represent the oonsmnption of 1 man in 1 dfty, 

then 9 will represent 9 men in 1 day, 

and 9x8 9 8 days. 

Similarly^ 24 x 30 will represent the consumption of 24 men 
in 30 days ; but we are told that the quantity consumed by 
the first set of 9 men in 8 days was 12 stone ; and this must 
bear the same ratio to the quantity consumed by the second 
set of 24 men in 30 days, as 9x8 does to 24x30: hence 
writing the terms as a proportion, we have 

first caiLse wcondcanae first effect second effect 
9x8 : 24x30 :: 12 : Ans. 

Here likewise it will be observed, that it is immaterial where 
in the statement the unknown term is placed: it is only 
necessary to arrange the terms so that the first came bears 
to the second cause the same ratio that the first effect hcBin 
to the second ^ect; the caitses will be the agencies of the 
living agents, so many times repeated, the effects will be the 
food consumed, the work performed, the money spent, &c. 
Hence the Rule will be "Multiply the number of living 
*" agents^ in each case by the time (the months, days, hours, &c.) 
"they respectively work for: place these as the Jirst md second 
"terms of the proportion : place in the third term the work 
"done by the agents in thejirst term, and in the fourth term 
"the worA? done by the agents in the second term." Having 
thus made the statement, multiply together extremes and 
means; only for the convenience of cancelling do not actually 
multiply together the various factors, but set them down with 
the sign of multiplication between them, placing the Ans, with 
its factors, according to custom, on the l^-hmd side of the 
equality, and the other factors on the right. Then divide the 
factors on the right by the factors standing with the Ans. on 
the Itft; which in effect divides each side of the equation by 
the same factors. 

Ex. 16. Xf 8 men in 5 days qf 6 hours each can mow 
20 acres, how many acres can be mowed by 12 men in 4 days 
o/ll hours eachf 

Here the 8 men worked for 5 times 6 hours, or 30 hours in 
all: and the 12 men worked for 4 tim^ 11 hours, or 44 hours: 

* The few caRes in which there are no liwng agents, will be 
noticed below, where, as in Examples 16, &c., it will be shewn how 
to distlDguish the agencies from the effects pivoduced. 
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the hourly work therefore of the 8 men will be repeated 30 

times, and that of the 12 men, 44 times : not multiplying up 

these factors however, for the convenience of cancelling, wo 

write 

8 men x 5 dys. x 6 hrs. : 12 men x 4 dys. x 11 hrs. :: 20 acres 

: Ans, acres, 
8 X 5 X 6 X Am. = 12x4x11x20, 

2 
«»44 acres. 

Ex. 16. ff goods weighing 17 tons he conveyed 60 miles on 
a railway for £\2 „ 15*., how far on a canal may goods 
weighing 11 tons he carried for £S „ 5«., it heing supposed 
t/iat the rate qf carriage is ha^fas mtich again hy rail as hy 
water f 

In this case tliere is no " Umng agent" : but the sum of 
money paid for carriage depends on (1st) the weight carried, 
(2nd) the distance. The weight and the distance are therefore 
the cattses of the payment of a certain sum of money the effect 

Also, as the rate by rail is 1^ times the rate by water, 

the goods which cost £8 „ 5«. by canal, would have cost 

£8 „ 6«. + £4: „ 2*. „ 6d, or £12 „ 7*. „ 6rf., by railway : 

hence 

17 tons X 60 miles : 11 tons x Ans. miles :: ;£l2j : £12J. 

51 99 

-- xllx^?w. = 17x60x- , 

4 8 

9 

Ans.^\\x60x^x^^x^ 

2 3 

60x9 

^2x3 

= 90 miles. 
Ohs. The use of fractions will usually be found to render 
the working of examples in "Rule of Three" much shorter 
than the process of bringing the various terms to their lowest 
denomination. 

Ex. 17. If IS men working 9 hours a day take 6 days to 
huild a stone wall 90 yards long, 10 feet 6 incJies high, and 
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I foot 4 inehei thick^ how many weekt will it take 17 m#» 
working 11 Aour« daily to build such a wall 2720 feet lonff^ 
Sfeet 3 inches high, and 1 foot 9 inches thick f 

Here obserre that the first set of men work 6 days, the 
other set an unknown nomber of weeks ; therefore if we find 
the answer in days, we must afterwards bring that result into 
weeks. Also, that the first wall was 90 yards long, the second 
2*J2Qfeet; therefore we must reduce tiiese to the same de- 
nomination, and multiply the 90 yards by 3, to bring them 
into feet Further, that instead of reducing all the dimen- 
sions to inches, we write the inches as fractions of a foot 

18x6x9:l7x Ans, x 11 :: (90 x 3) x lOJ x Ij.: 2720 x 8i x Ij, 

21 4 33 7 

17x^w*.xllx90x3x^ X 1=18x6 x9x2720x-jx^, 

10 11 

-4iw. = 18x6xHx!^X^qx f^^^^x 



r^ X 



1 


1 


1 


^ 


3 


11 




x^x 


X\ 


^^ 




10 




3 


2 



= 18x6x^ 
= 54 days, 

and as they must be supposed to work only 6 days in the week, 
the answer will be 9 weeks. 

§ 91. The questions giyen in proportion are not always set 
In these perfectly simple terms ; sometunes both care and in- 
genuity are required to prepare the question, before it is 
stcUed as a proportion. We shall accordingly now proceed to 
give examples where the questions are not put exactly in the 
straightforward manner in which the previous examples have 
been given; yet we shall show that a little previous con- 
sideration will enable us to reduce each question to a plain 
proportion. 

Ex. 18. ffl2 oxen and 35 sheep eat 6 tons 7 cwt cfhay in 
4 days, how much will it cost per week to feed 4 oxen and 
6 sheep, the price qfhay being £S „ I5s.per on, and 2 oxen 
being supposed to eat as much as 5 sheep f (S.-H., 1 Nov., 
1851). 

If the consumption of 2 oxen = that of 5 sheep, 

then 12 = 30 , 

and 4 = 10 
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Also the cost of 6^ tons of hay at £Zf per ton wiU be 

3 
127 ^ « ^ «381 
"l^q ^ 4 "*i6' 
4 

381 
Hence the question becomes " If it cost £ ^ - to feed 30 

slieep 4- 35 »?ieep for 4 day», how much vyill it cost to feed 
10 eheep + 6 sheep for 7 c/ay* /" 

381 

16 



65 X 4 : 16 X 7 :: ^ttt i An$^ 



65x4x^n«.s!],^x7x -r^ , 
-4n«.=7x381x— x - 

00 4 

2667 
"260 
= ^10„6». „1U^. 

Ex. 19. ^f a piece qf work can he done in 50 days "by 35 
men working at it together, and if after working together 
for 12 daysy 16 cf the men were to leave the work; find the 
number cf days in which the remaining men could finish 
the work, (S.-H., Jan., 1851.) 

If the 35 men could do the work in 50 days, they do — - 

12 38 

daily ; and in 12 days they do ^ , and leave ^ undone ; and 

this is finished by 35—16 men, «. e. by 19 men, in an unknown 

time. 

12 
Hence the question becomes ^^^f 35 m>en can do - qf a 

piece qfwork in 12 days, how many days will 19 men take to 

do ^qf the work r 

85 x 12 : 19 X -4n*. :: ri ' ^ 

OU DO 









:: 12 : 


38, 


19 X 


12 


xAns, 


=35xl2x 


38, 






Ans, 


35 X 12 X 
19 X 12 
= 35x2 
» 70 days. 


38 
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Ex. 20. If\5 men, 12 toomen, and 9 boys can complete a 
piece qfiDork in 50 days, what time wotdd 9 men, 15 teomen, 
and 18 boys take to do four times as much, the parts done by 
each in the same time being as the numbers 3, 2, 1 ? (S.-H., 
March, 1851). 

Here we may oonvert the agency of the men and the 
women into that of boys, and say 

if the work of 1 man = that of 3 boys, 

15 men = 46 ^ 

also 12 women = 24 

Hence the first set of workers were equivalent to 45 + 24 + 9 
boys, or to 78 boys ; similarly the second set were eqaivaleut 
to 27 + 30 + 18 boys, or to 75 boys. Hence the question is re- 
duced to this : " -^ 78 boys complete a piece qf work in 50 
days, how many days will 75 boys take to do four such pieces 
if work?" 

78x60 : *75xAns. :: 1 : 4, 
^wftx 75 = 78x60x4, 

2 

. lSx}^x± 

3 

=26x2x4 
= 208 days. 

Ex. 21. ^f the rate qf wages depend upon the price qf 
wheat, and 18 men working for 4 weeks receive £4Z „ 4s. 
when wheat is 64 shillings a quarter; find the price qf wheat 
when 16 men working for 6 weeks obtain £61 „ 10*. 

Since 18 men in 4 weeks receive £43 „ 4*. or 864 shillings, 

it follows that the weekly wage of each man was 

864 

18^' ^'^ '^' 

Also in the second case the weekly wage was 

1350 136 ,^, 

r6"ir5' or — ., or 16S.. ; 

and the wage was higher or lower as the price of wheat was 
greater or less; hence 

12 : 16J- :: 64 : Ans., 

135 ® 
l2>cAns.='-^ x^% 
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. 135 X 8 

= 90*. 

Ex. 22. Ftmr men working .8 hours a day take 22 daps 
to pave a road 440 yards long and 35 feet broad; how many 
days win four men^ two of whom work 8 hours and two 10 
hours a day^ take to pave a road 1575 yards long and SS/eet 

6 inches broad f (S.-H., Jan., 185a). 

Here the latter set of four men worked two for 8 and two 
for 10 hours a day ; therefore on the average they worked 
for 9 hours a day ; and we have 

4 X 22 X 8 : 4 X Ans^yf. 9 :: 440 x 3 x 35 ; 1576 x 3 x 36^, 

73 
4 X Ans, X 9 X 440 X 3 X 36 = 4 X 22 X 8 X 1575 x 3 x ^ , 

45 

_!^^x8xXfflx.V 73 

9x>^^^x3x^^ ^ 2" 
20 

8x45x73 
"" 9 X 20 X 2 
= 73 days. 

Ex. 23. One horse is a power which can raise 33000 lbs, 
through 1 foot in 1 minute ; whaJt m,ust be the horse power qf 
an engine in order to raise 4125 Urns through 3 yards in 

7 hours f 

Since the given unit qf power is the effort requisite to 
raise 33000 lbs. through the space of 2k foot in a minute of time, 
to .raise 33000 lbs. through 3 yards would be to raise 33000 lbs. 
through ^feetj or would be to raise a weight equivalent to 
9 times 33000 lbs. through a foot in a minute. 

Hence expressing 4125 tons as Ibs,^ and 7 hours as minutes^ 
we have 

hone min. hoiMf minutes lbs. foot Ibt. feet 

1x1: Ans, x (7 x 60) :: 33000 x 1 : (4126 x 20 x 112) x 3 x 3, 

Ans. X 7 X 60 X 33000 = 4126 x 20 x 112 x 3 x 3, 

4125x20x112x3x3 



Ans.=^ 



7 X 60 X 33U0U 
= 6 horses. 
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Ex. 24. ff 60, cannon which fire 5 rounds in 8 minutes 
kill on an average 350 men every 75 minutes, how many 
cannon firing 7 rounds in 9 mintUes will kill 980 men in 
25 minutes ? 

Each of the first set of cannon which fired 5 rounds in 

5 
8 minates, fired one round in - of a minute ; similarly each of 

7 
the second set fired 1 round in - of a minute. Hence 

K. ^ 

60 X - X 75 : Ans. x ^ x 25 :: 350 : 980, 
8 9 

Ans, X ^ X 25 X 350-60 X " X 75 X 980, 

9 o 

.4ll*. = 60x-x75x980x- x -- x -r;: 
8 7 25 550 

=405 cannon. 

Ex. 25. If the sixpenny loaf weigh 4*35 lbs. when wheat 
is at 6'*J5s. per bushel^ what ought to he paid for 49'3^. of 
breads when wheat is 18'4«. per bushel f 

Wheat at 575 gives 4*35 lbs. for 6^., 

lib. ... Tirzd. 

4*35 



Wheat at 18*4 gires 49*3 lbs. for Ans, d., 



and the price per lb. is greater or less according as the price 
per bushel is greater or less ; hence 

6 Ans, 



575 : 18-4 :: 



4-35 * 49-3 ' 



575xf;3'=18.4x4-, 

^r**. = 18-4 x^gX 49-3 x^^ 

_ 184x6x493 

435x575 
_ 544272 
""2501-25 
s 217*6 pence 
= 18*. „ Id. „ 2f /rtr. 
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Ex. 26. " If eight best variegated silk scarf Sy measuring 
each three cubits in breadth and eight in length cost a hun- 
dred nishcas; say quickly, merchant^ if thou understand 
trade, what a like scarf three and a ha(f cubits long and haif 
a cubit wide, will cost, in terms cf drammax, panncu, cacinis, 
and cowry shells /^' 

(One m8hca=16 drammas, one dramma=16 pannas, 
onepanna= 4 cacinis, onecacini = 20 cowry-shells). 



Marb cubits 


eubita scarf < 


nxbits cubit 


(8.-IL, Feb., 1867.) 

nishcas nishcas 


8 X 3 X 


: 8 : 


1 x 


3i X i : 


: 100 : 


Ans., 


Ans*xS 


x3x8 


7 

= 2^ 


|xl00, 








Ans. 


7 
=2^ 

176 

"192 


1 25 1 

2 
nishcaj 


1 1 
^3^8 





and the yalue of .-^ o^ ^ mshca is 14 drammas, 9 pannas, 

192 

1 cadni, 6j| cowry-shells. 

The example just given will be fonnd in Colebrooke's 
Translation from the Sanskrit cf BhAscarcCs JMavati, and 
from the same source the following is taken: 

Ex. 27. "Jf the hire qf carts to convey thirty benches 
twelve fingers thick, the square qf four wide, and fourteen 
cubits long, a distance of one league be eight dravMiuu, tell 
me, my friend, what should be the cart-hire for bringing 
fourteen benches, which are four less in every dimension^ a 
distance <ifsix leagues f" 

(Four tunes six fingers are a cubit.) 

ben. thick, width length leag. ben. thick, width length league dnunmas 
30x12 X 16x(14x24)xl: 14x8 xl2x(10x24)x6::8:^n#., 

^n«. x30x 12 X 16 x14x24x1b14x8x 12x10x24x6x8, 

. 14 X 8 X 12 X 10 X 24 X 6 X 8 
•~ 30 X 12 X 16 X 14 X 24 
s:8 drammas. 

§ 92. There are a certain class of questionB in which the 
terms so depend upon one another, that any increase in the 

K2 
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one produces a proportional decrease in the other. These 
questions are commonly classed under a separate rule, called 
**The Rule of Three InTerse." A large number however of 
the questions ordinarily placed under this rule, may be solved 
with greater ease by the method indicated above ; all those at 
any rate where the work done, i,e. the effect produced, is the 
same in both cases. When such instances occur, we shall 
represent the ratio of the first effect to the second effect by 
1:1. We shall illustrate this by the following examples : 

Ex. 28. If 18 men perform a piece cf work in 7 daya, 
how many men will perform, it in 21 days f 

Here the work done is the Bam,e in each case; without 
therefore enquiring whether the number of men must bu 
greater or less who would take 21 days to do it, we state 

men days men days 

18 X 7 : An%, x 21 :: 1 : 1, 
An», X 21 = 18 X 7, 

A 18x7 

= 6 men. 

Ex. 29. If a person can travel a' certain distance in 14 
days when the days are 9 hours long^ how many days wiU he 
take to travel the same distance when the days are 12 hours 
long? 

days hours days hours 

14 X 9 :: Ans, x 12 :: 1 : 1, 

-4w. xl2=14x9, 

14x9 
Arts. = -— 

= 10) days. 

Ex. 30. If I lend a friend ;£200 for 15 montJis, for how 
long ought he upon another occasion to lend me ;£300 to 
requite the obligation f 

Since the obligation is the same in both cases, we have to 
enquire in how many months the interest on ^300 is equivalent 
to the interest on £2,00 for 15 months. Hence 

200 x 15 : 300 x Ans.w 1 : 1, 
^n«.x 300^200 X 15, 
200x15 



Ans,= 



300 
= 10 months. 
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Sometimes however there are coses wnich require further 
explanation. These are cases in which more of one kind re- 
quires less of another; where if one quantity be doubled the 
other must be halved. For instance, when the size of the loaf 
depends upon the price of wheat, if the price of wheat be 
doubled, the size of the loaf is halved : if the price of wheat be 
trebled, the size of the loaf would be one-third of what it wajs 
originally. In stating such a sum we must be very careful not 
to write the greater : the less :: the less : the greater; for "four 
quantities are proportional when the first is the same multiple, 
part, or parts of the second that the third is of the fourth ;'' 
therefore according as the greater or less quantity is placed as 
the antecedent in the first ratio, so in the second ratio we must 
be careful to arrange the greater or less quantity likewLie for 
the antecedent Thus when we have ascertained that more 
of one quantity requires less of another, and have arranged as 
the first and second terms of the proportion those two which 
are quantities of the same kind, it will tlien only be necessary 
to remember that of the next two terms we must put in the 
third term of the proportion the greater, if the first term be 
greater than the second, or the less, if the first term be less 
than the second. We now add examples to illustrate this; 
although, as the proportion is always necessarily direct, we 
demur to the name of '^ The Rule of Three Inyerse." 

Ex. 31. When wheat was at \^s. the hushd, the twopenny 
loaf weighed 7 J ounces : what shotdd be the weight of the loaf 
when wheat is at 9s, / 

Here the higher the price of wheat, the smaller the loaf ; 
so if we take the two prices for the first ratio, and arrange 
them 16 : 9, placing the greater for the antecedent, we must 
then arrange the two weights for the next ratio, likewise 
placing the greater for the antecedent ; but the greater weight 
is that when wheat is cheaper, t. e. is the unknown number of 
ounces which is the answer; hence 

16«. : 9«. :: Ans, : 7^, 
^ A .« 15 

A ,^ 16 1 

= 13j ounces. 
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Had we arranged the first ratio 9 : 16, placing the smaller 

price as the antecedent, we then should have said that the 

smaller weight was that when wheat was dearer, and placing 

the tmaUer weight as the antecedent of the second ratio, 

shonld have stated 

9 : 16 :: 7i : Ans, 

from which we shoidd have obtained the same result. 

Ex. 32. Supposing the length of the English mile to be to 
that qf the Roman mile as 11 : 10, and that a Roman army 
could march for 6 hours daily at the average rate qf 2| miles 
per hour; how many Englieh miles toould a Roman army 
march in 17 days / 

This is in other words to enquire how many English miles 

are contained in 8x— -xl7 Roman miles. Now the English 

mile is the greater in length; therefore in the same distance 
there will be a smaller number of English than of Roman 
miles. Therefore 

the number of Eng. miles : the number of Rom. miles :: 10 : 11, 

Ans. : 8 X — X 17 :: 10 : 11, 

4 

Ans. X 11 =8 X — X 17 X 10, 

4 

-4«*.=8X-;- X 17X10 X--r 
4 11 

=340 English miles. 

Ex. 33. A heap of com when measured with the imperial 
bushel was found to contain 462 bushels; what would be the 
result if it were measured with the old Winchester bushel, 
supposing that the Winchester bushel contains 7*7 gallons, 
and the imperial bushel 8 such gallons f 

The smaller the measure which is used, the greater the 
number of bushels which will result ; that is to say there will 
be a greater number of Winchester bushels and a smaller 
number of imperial bushels in the same heap; hence 

the smaller thelarg^ theflmallw the larger 

7*7 : 8 :: 462 : Ans., 
77 x-4n#. =8x462, 
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. 8 X 462U 

Ans.= — -= — 

77 

8x420 
"■ 7 
= 8x60 
=480 Winchester bushels. 

Ex. 34. If in a piece qf gold 22 carats fine tJiere he 27 
ounces of cUloy, tehat weight of aUoy would there he in the 
same sized piece cfgold that was only 18 carats fine f 

The unit of gold is divided into 24 equal parts, called carats ; 
then pure gold being called 24 carats fine, gold 22 carats fino 
is 22 parts pure gold and 2 parts alloy ; gold 18 carats fine is 
18 parts pure gold and 6 parts alloy. In England standard 
gold is 22 carats fine, and jeweller's gold is 18 carats fina 
Hence 

larger nnaller larger nnaller 
22 : 18 :: Ans, : 27, 

18x^n*.=22x27, 

J 22x27 

^^•=-18- 

=33 ounces alloy. 

Ex. 35. " j(y a female slave 1 6 years qf age hring thirty- 
two nishcasj what will one aged 20 cost ? If an ox which has 
heen worked a second year sell for four nishcas, what will 
one which has heen worked six years costf" 

The price of slaves and cattle being regulated by their age, 
and the maximum value of female slaves being fixed at 16 years, 
and of oxen after 2 years work, the price of the older will be 
less, and of the younger greater. Hence 

leaa greater leu greater 

16 : 20 :: Am. : 32, 
20 x^/w.= 32x16, 
A ns, = 25f nishcas. 

leu greater leM greater 

2:6:: Ans. : 4, 
6x^/w.=8, 

.^n#.= ljtnishca. 
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EZEBCISE XIV. 

1. If a score of sheep cost £43, what would be the price 
of a flock of 3580 sheep ? 

2. What would be the price of 7632 articles at Z^d. for 
every 144 of them ? 

3. If 1 cwt „ 1 qr. cost £3 „ 38. „ Ad,^ what is the cost 
15 cwt. „ 2 qrs. „ 3^ lbs. ? 

4. If \\ lb. cost 4t]?., find the price of 2 tons „ 8 cwt. 

5. What will be the cost of 2^ tons of merchandise, if 
3 cwt. „ 27 lbs. cost £36 „ 18*. „ lOd ? 

2 

6. If ij of an Estite be worth 1000 guineas, what will be 

the worth of 75 of it 1 

7. A bankrupt*3 debts amount to £739 „ 10*., and his 
assets to £640 „ 18*. ; how much in the poimd can he pay ? 

8. When a bankrupt's debts arc £204 „ 16*., and he pays 
17*. „ ^d. in the pound ; what are his assets 1 

9. If with assets amounting to £603 „ 15*. a bankrupt 
pay his creditors 14*. „ 4^^/. in the pound ; what were his 
debts ? 

10. A bankrupt's assets are £225, out of which he pays 
5*. iu the pound on half his debts, and 4*. on the other half ; 
find the amount of his debts. 

11. A creditor receives upon a debt of £272 a dividend 
of 11*. ,, Qd. in the pound; afterwards he receives a further 
dividend upon the deficiency of 3*. „ ^d, in the pound ; what 
does the creditor receive on the whole ? 

« 

12. Given that the diameter of a circle is to the circum- 
ference as 1 : 3*1425 ; find correctly to the thousandth part of 
an iuch the circumference of a circle whose radius is 2*1 feet. 

13. A gig is proceeding at the rate of 8 miles per hour ; 
the diameter of its wheels is 4 feet; find the number of revolu- 
tions made by them in the course of one mile, assuming that 
the circumference of a circle : diameter :: 22 : 7. 

14. If the cost of mowing a 3-acre field be 28*. „ 6dL, what 
must be paid for mowing 45 acres „ 3 roods „ 20 poles ? 

15. A field is 121 yards long and 86 yards broad ; what is 
its value at £30 i>er acre ? 
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16. The removal of a quantity of brick earth 29 sqnaro 
yards in area and of a uniform depth of 4 yards cost £Z „ ns. 
Ad. ; what is the cost of the remoral of a cubic yard 1 

17. If 4-4 articles cost £2*86, what is the value of 7*375 
such? 

18. If 3 cwt. „ 3 qrs. „ 27 lbs. cost £o „ 16^., what will be 
the price of 5 cwt. „ 2 qrs. at the same rate ? 

19. If 2*856 lbs. cost £'2884, find in pounds, florins, cents, 
and mils the price of 49*47 lbs. 

20. If 5 yards „ 7 inches cost £Z „ 15«., what will 23 yards „ 

1 foot cost 1 

21. If 3 cwt. „ 3 qrs. cost M „ 16^., what will be the price 
of 2 cwt. „ 2 lbs. ? 

22. If 27 sovereigns weigh 3341-25 grains, how many lbs., 
oz., &c. will 1000 sovereigns weigh ? 

23. If 17 eUs, each containing 5 quarters, cost £6 „ 17«., 
how much will 18 yards cost ? 

24. If a pole 10 feet high cast a shadow 12 feet „ 8 inches 
long, how high is a tower whose shadow at thdT same time is 
57 feet long ) 

25. If one tower known to be 99 feet high cast a shadow 
73 feet „ 3 inches long ; what length of shadow will another 
tower 108 feet high cast at the same time ? 

26. Find a number which shall bear to 8 the same ratio 
which 7 does to 4. 

27. Find a fourth proportional to 39, 741, and 19. 

28. Find a number which shall bear to 15*84 the same 
ratio which 5*28 bears to 3-71. 

29. Find a fourth proportional to f , f , and ^V. 

30. Required the cost of 12 cwt. „ 3 qrs. „ 5*6 lbs., if 39 cwt. 

2 qrs. 14 lbs. cost £42 „ 5«. „ Ad, 

31. The estimated rental of a Parish amounts to £\ 750, and 
a rate is levied of £32 „ 1 6«. „ Qd, ; what is the rate in the pound ? 

32. In a town whose rateable value is esjtimated at £66640, 
a rate is levied of ^d. in the pound ; what amount of money 
will the rate produce? 

33. If I give 1 florin „ 2 cents „ 6 mils for *0875 of a ton ; 
how much can I buy for £3 „ 10«. „ ^d, 1 

34. If a watch gain 3 seconds every 5 hours, how much 
will it gain in a week ? 



186 PBOPORTION, OB THE BT7LE OF THBEE. 

35. If I of iV of a lottei7 ticket be worth ^£17}}, what would 
- of such a ticket sell for 7 



»of6 

36. If after paying an income-tax of 5d in the ponnd the 
remainder of a person's income be £551 ,, 4m, „ *Jd.; what was 
the gross income ? 

37. If a person's gross income of ^£785. be reduced after 
paying an income-tax to £762 „ 2s. „ Id.; what was the tax in 
the pound ? 

38. If 7cwt Iqr. „ 17*5 lbs. cost £110 „1 florin „ 2 cento 
„ 5 mils, what is the cost of 10 cwt „ 3 qrs. 7'672 lbs ? 



39. If 9 men reap a field of 8 acres in 12 hour?, how many 
men will reap a field of 28 acres in 18 hours) 

40. If 5 persons can be kept 4 weeks for £l4i how long may 
7 persons be kept for £21 ? 

41. If 7 men can reap 6 acres in 12 hours, how many men 
will reap 15 iteres in 14 hours ? 

42. If 10 men can reap 20 acres of com in 4 days, how 
many men can reap 70 acres in 10 days ? 

43. If a man can reap 345f square yards in an hour, how 
long will 7 men take to reap a field of 6 acres 1 

44. If with a capital of £3000 a tradesman gain £300 m 
7 months, with what capital would he gain £60 „ lOx. in 11 
months ? 

45. If 100menmake80yardsof aroad in 6 days,howmany 
men will be required to make 50 miles of road in 150 days ? 

46. If 1100 men make 10 miles of railroad in 3 months, 
how long will it take 2750 men to make 75 miles ? 

47. If 84 men eat 126 lbs. of meat in 9 weeks, what supply 
of meat will be sufficient for 70 men during 6 weeks and 3 days ? 

48. If 7 men earn £9 „ 10*. „ 6d, in lOj days, what sum 
will 28 men earn in 31^ days ? 

49. If 11 cwt. be carried 12 miles for 21*., how far can 36 
cwt. „ 23 lbs. be carried for £595*.? 

50. If 6 men working 8 hours a day cut a ditch of uniform 
depth, 4 fe^t wide and 20 yards long, in 10 days ; how many 
hours a day must 220 men work in order to cut a ditch of the 
same depth, 5 feet wide and half a mile long, in 18 days ? 



PROPORTION, OR THE RULE OF THREE. 187 

61. If 6 men can reap a rectangular field whose length is 
800 feet and breadth 700 feet in 3^ days of 14 hours each ; in 
how many days of 12 hours each can 7 men reap a field whose 
length is 1800 feet and breadth 960 feet 1 

62. If 16 masons working 10 hours a day can build a wall 

6 feet high and 200 yards long in 6 days^ how long will it take 

7 masons working 9 hours a day to buHd a wall 9 feet high 
and 140 yards long ? 

63. A garrison of 4000 has provisions for 6^ months ; how 
long will the provisions last the garrison if reduced to 3000 ? 

64. Find the weight of water in a bath 6 feet long, 3 feet 
wide, and 1 foot 9 inches deep, the weight of a cubic foot of 
water being 62 lbs. „ 8 oz. 

55, A piece of cloth 6 times as long as broad costs £19 ; 
supposing the price of the cloth to be 4«. „ 9^. a square yard, 
find the dimensions of the piece. 

66. The driving wheel of a locomotive en^e 6 feet in 
diameter turned 2600 times in going 6 miles ; supposing the 
circumference of a circle to be 3.1416 times the diameter, find 
what distance was lost, owing to the slipping of the wheel on 
the rail 

67. If 6 men can reap a field the length of which is 1400 
feet and the breadth 400 in 3 days of 14 hours each, in how 
many days of 12 hours each can 7 men reap a field 1600 feet 
long and 700 feet broad ) 

68. A garrison of 1000 men was victualled for 30 days. 
After 10 days it was reinforced, and then the provisions were 
exhausted in 6 days. Of how many did the reinforcement 
consist ? 

69. If 60 men can make a wall 3 miles long in 60 days, 
working 12 hours a day, how many hours a day must 80 men 
work to finish a wall 4 miles long in 40 days ? 

60. If 36 men do a piece of work in 24 days, how long 
will 2^- of that number do a piece of work 7 j^ times as great, 
supposing the second set of men to be twice as quick work- 
men as the first, but only to work a third as long m the day ? 

61. " The price of a hundred bricks of which the length, 
the base, and breadth are respectively sixteen, eight, and ten 
is settled at 6 dindras. We have received a hundred thousand 
of other bricks, a quarter less in every direction; say what 
ought we to pay?" 
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62. '^Two elephants which are tea in length, nine in 
breadth, thirty-six in girt, and seven in height, consume one 
drona of grain ; how much will be the rations of ten other 
elephants, which are a quarter more in height and other 
dunensions r 



63. If 72 men dig a trench in 63 days, in how many days 
will 42 men do the same ? 

64. If 12 men can reap a field in 4 days, in what time can 
the same work be done by 32 men ? 

06, What weight ought to be carried 2o| miles for the 
same sum for which 3 cwt. are carried 40 miles ? 

66. How many yards worth 3«. „ l\d, per yard must be 
given in exchange for 936^ yards worth 18*. „ l^fl?. per yard t 

67. If a man walking 7 hours a day finish his journey in 
9 days, in how many days could he have finished it if he had 
walked 10 hours in the day ? 

68. If 6 persons in a tour of 3 months spend £365, how 
long may 9 persons reckon that the same sum will last them ? 



69. If 8 ounces of bread are sold for Qd, when wheat is 
£15 a load, what should be the pride of wheat per load when 
12 ounces are sold for 4td, 1 

70. A person is able to perform a journey of 142.2 miles 
in 4i days when they are 10' 164 hours long ; how many days 
will he be in travelling 505*6 miles when the days are 8*4 hours 
long? 

71. The solid content of a sphere being ^ of f{|, of a 
cube, the side of which is the radius of the sphere, and a cubic 
foot of iron weighing 450 lbs., find the diameter (in inches, 
tenths of an inch, &c.) of a 68 lb. cannon ball. 

72. If gold can be beaten out so thin that a grain will 
form a leaf of 56 square inches, how many of these leaves will 
make an inch thick, the weight of a cubic inch of gold being 
10 oz. ? 

73. If either 5 oxen or 7 horses will eat up the grass of a 
field in 87 days, in what time will 2 oxen and 3 horses eat up 
the same? 

74. As there is always a comtant expense in making 
bread, it is not strictly correct to make the weight of the loaf 
larger or smaller in the same proportion that the price of 
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wheat falls or rises ; hence, if the cost for grinding and baking 
amount to 2«. per bushel of wheat, what is the price of 
wheat when the 4d, loaf is twice as large aa it would be if 
wheat were 80«. per quarter ? 

75. Supposing the cost of digging a trench to depend 
upon the depth to which it is sunk as well as the quantity of 
earth taken out, and that the cost of digging a trench 3 feet 
broad b j 8 feet deep is 9d. per yard ; what would be the cost 
of digging a trench 120 yards long, 5 feet broad, and 10 feet 
deep 1 (S.-H., Jan., 1861). 

76. At the siege of Sebastopol it was found that a certain 
length of trench could be dug by the Soldiers and Nayyies in 
4 days, but that when only half the Nayvies were j)resent it 
required 7 days to dig the same length of trench. Shew that 
the Nayyies did six times as much work as the Soldiers. 
(S.-H., Jan. 1, 1861). 

77. If 25 men c^m do as much as 40 boys in a day, how 
many days will it take 64 boys to finish a piece of work which 
30 men did half of in 32 days ? 

78. If the work done by a man, a woman, and a child be 
in the ratio 3, 2, 1, and there be in a factory 24 men, 20 women, 
and 16 children, whose weekly wages amount to ^£20 „ Ss. ; 
what will be the yearly wages of 27 men, 40 women, and 15 
children ? 

79. Ten excavators, such as are usually employed in 
digging iron ore, can dig out 12 loads of earth in 16 hours, 
while 12 other common excayators, less powerful than the 
former, dig out only 9 loads of earth in 15 hours ; it is re- 
quired to find in what time they will conjointly dig out 100 
loads of earth. 

80. Two persons agreed to pay £81 for the use of a cer- 
tain tract of pasture meadows for 10 months ; the first put on 
27 oxen for 3 months, the second 270 sheep for 7 months ; 
supposing the feed equally good throughout and that 3 oxen 
eat as much as 11 sheep, how much of the rent ought each to 
pay? 

81. If in the backwoods 3 waggons with a team of 3 oxen 
in each cost £195 „ 6s., and 4 waggons without oxen cost 
£84 „ 6s, „ Sd, ; supposing the emigrant wished to buy the 
3 teams of oxen only without the waggons, what ought he to 
giye for them ? 
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82. A barters some sugar with By for flour which is worth 
28. „ 3^. per stone, but in weighing his sugar uses a false stone 
weight of IS^lbs.; B on discoyering this says nothing, but 
raises the price of his flour ; what value should ^ set on his 
flour that the exchange may be fair ? 



CHAPTER Xin. 

PBOPOBTIOITAL PABTS. 

§ 93. As in some sort a sequel to the rule of proportion, 
we place next the method of finding, by proportional parts, 
into what portions any quantities should be divided, when the 
ratio which the several required parts bear to one another is 
given. Most questions under this head might be solved by 
making several statements in proportion; but the simpler 
process by which the result may be arrived at wiU now be 
explained. 

Ex. 1. Let it he required to divide the number 65 into 
two parts which shall bear to one another t?ie ratio qf6:7> 

We have here to find two numbers which shall together 
make up 65, and shall be in the ratio of 6 : 7. 

Now we may either say that the first of the two numbers 
in the given ratio is to the sum of those two numbers as the 
first of the required parts is to the whole number 65 ; which 
would give us the statement 

6 : 13 :: Ans. : 65, 
13x-4w^. = 6x65, 

^n*.=--x65 

=30, 

or we may more directly apply the following rule: "Form 
fractions which shall have the numbers composing the given 
ratio as the respective numerators, and the sum of these 
numbers as the common denominator; take these fractional 
parts of the proposed quantity ; they will be the parts re- 
quired." This would give us 

~ of 65 = 6x5 = 30, 
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^ of 66 = 7x6 = 36. 

The reason of the above rule may be thus explained: 

YT and -rr are clearly in the ratio of 6 : 7 > aa likewise are 

6 7 

- of 66 and r^ of 66 ; for we may multiply and divide both 

the terms of any ratio by the same quantities without thereby 

6 7 

altering the value of the ratio. Again — added to =- make 

= ' , or 1 ; therefore ^^ of 66 added to ^^ of 66 will make 66. 

Xo lu J>«) 

But the conditions of the problem before us only required that 

we should find two numbers which were in the ratio of 6 : 7> 

and which when added together would make 66. Hence 

6 7 

r— of 66 and -r- of 66 are the numbers required. 

It) id 

EiL 2. Divide 1066 into parts which shall be to one 
afwther. in the ratio cfZ, 6, 7. 

3 6 7 
The fractions are ^j; , — , t^ , and 

10 10 10 

~ of 1066=3x71=213 
16 

4 of 1066 = 6x71 = 366, 
16 

1= of 1066=7x71=497. 
16 

EiL 3. Divide the sum qf £4*J „ 10^. „ 1^. among 3 per- 
sons in the ratio <>/ « » q i • 

2*3^4 12- 

Therefore the fractions are 

1 13 6 

2"^ 12' ^'13* 
1 13 4 

3"^T2'^T3' 
1 13 £ 
4"^ 12' ®' 18' 
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and 

^ of £47 „ 10*. „ Id = 6 X (£3 „ 13*. „ Id.) = £21 „ 18*. „ 6(/., 

^- of £47 „ 10*. „ 1</. = 4 X (£3 „ 13*. „ Id,) = £14 „ 12*. „ 4d., 
13 

^ of £47 „ 10*. „ld. = 3x (£3 „ 13*. „ lcf.)=^£10 „ 19*. „ Sd. 

Ex. 4. Gunpowder is made up of nitre, sidphur, and 
charcoaly which are mixed in this proportion, 75 parts of 
nitre to 10 qf sulphur and 15 of charcoal; in half ^ ^on qf 
powder how many pounds of each ingredient f 

75 + 10 + 15 = 100, and ^ton=1120lb8. 
Hence ^^ of 1 120 = j of 1 120 = 840 lbs. nitre, 

100 4 

~ of 1120 = -^ of 1120 = 112lb8. sulphur, 

15 3 

— of 1120= - of 112 = 168 lbs. charcoal 

Ex. 5. Divide a legacy of £1187 „ 12*. „ \d, am^mg a 
son, wife, and daughter, so that the sotCs share shaU be 
thrice the wife-s, and tJie daughter's share a third cf the 
wif^s. 

If 1 represent the daut^hter's share, the wife's share will 
be represented by 3, and the son's by 9. 

Hence the fractions wiU be 

L A A 
13' 13' 13' 

and -- of £1187 „ 12*. „ \d, = £,^\ „ 7*. „ \d. 

Hence 3 times £91 „ 7*. „ \d,^ or £274 „ 1*^ „ 3d, is the share 
of the wife ; and 3 times £274 „ 1*. „ 3d^ or £822 „ 3*. „ 9d., 
the share of the son. 

Ex. 6. A Bankrupt surrenders his property, which is 
voorth £336, to 3 creditors to whom he otoes respectively £450, 
£560, and £670 ; share the property equitably among them, 

450 + 560 + 670 = 1680. 
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Hence —^^ of 336 -77^7x336 =46x2= 90, 

^^^ of 336 = :^ X 336 = 66x2 = 112, 



1680 168 

Ex. 7. A fidd €fgrct98 is rentsd by two penonsfor £21 : 
the former keeps in it 16 oxm for 10 weekty the latter 21 
oxen for 7 weeks; find the rent paid by each. 

The rent must be divided in proportion to the number of 
cattle and the number of weeks ; the shares therefore will be 
in the ratio of 16 x 10 and 21 x 7. 

The fractions will be -— and ; 

^®^^® ^97 ^^ ^^ " "iV "^ ^^^ " ^^' '*^''' 2jf /«»••> 
1 4Q 1 47 

and ^-9?^^27 = '^-i:i3„ 7* „ 3rf. „ 1 A/«r. 

Ex. 8. At the beginning qf the year A embarks in trade 
a capital qf£ZOOO ; and at the end qf 6 months takes into 
partnership B with a capital cf ;£4000 ; at the end qf the 
year the profits are ;£694 „ \0s, „ %d. ; how should they be 
shared between them f 

^'s share : E% share :: 3000 x 12 : 4000 x 7 

:: 3x12:4x7 
::9: 7, 
and 

,^ of £594 „ 10«. „ 8<f. = 9 X (£37 „ 3*. „ 2c?.) » £334 „ 8#. „ %d, 
10 

7 

's of £694 „ 10*. „ 8df.= 7 X (£37 „ 3*. „ 2df.) = £260 „ 2». „ 2rf. 

Ex« 9. If the sum qf £1 „ 13#. „ 9^. be divided among 
13 men and 19 bcys^ so that the share qfeach man shall be 
to the share qf each boy a» 2 : 1, find what a boy's share 
would be. 

The sum given to all the men would be to the sum given to 
all the boys as 13 x 2 : 19 x 1, or as 26 : 19. 
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26 19 

The fractions would be -— and — ; therefore 

4a 45 

1 19 

the 8hai*e of ono boy would be r^ of — of £1 „ 13*. „ 9fl?., 

or 77 of 405 pence, or 9d, 

45 

Ex. 10. The sum qf £600 is to be divided among 24 men^ 
.^6 women, and 72 children, so that the shares qf 2 men shall 
he equal to those qf 3 teomen, and each tooman^s share to the 
shares of 2 children. What will be the share qfeachf (S.-H., 
Jun. 5, 1858.) 

The shares of 24 men = those of 36 women, 

36 women = 36 , 

72 chOdren = 35 ; 

therefore all the shares are equivalent to those of 108 women; 
therefore 

. . ^600 50 «- ,, ,1 , 

each woman gets •£ j^ = -g-= ;fc5 „ 11«. „ lid, 

3 . 60 25 , 
man ... « ®' "a" ^ T ^ ^^ »> ***• » ^' 

child... ^of f = f =X2„15*.„65(;f. 

Ex. 11. Jf 3 wwn and 4 boys can do as much work as 
2 men and 16 ffirls in the same time, and 4 men and 2 boys 
as m>uch at 12 boys and 12 girls, how should a man who re- 
ceives \^, for apiece of work reward a boy and a girl who 
have been helping him all tlie tinie f 

The work of 3 men + 4 boys = that of 2men+16girls> 
therefore lman+ 4boys= 16girls, 

whence 4men4-16boy8= 64girls. 

But from the question, we know also that 

the work of 4 men + 2 boys = that of 1 2 boys + 12 girls, 

therefore 4 men = 10 boys + 12 girls^ 

adding to each side of this equality the work of 16 boys, we get 
the work of 4 men + 16 boys = that of 26 boys + 12 gurls ; 

therefore the work of 64 girls = 26 boys + 12 gurls; 

tlierefore 62girls« 26 boys; 

therefore 2girl8= 1 boy. 

But lman+4boys= 16girls; 

therefore 1 = 8girls. 



PROPORTIONAL PARTS. 195 

Consequently the work of a man, a boy, and a girl = that of 
11 girls ; and this would be paid for by 44«. ; 

therefore the girl should get 4«., 

the boy 8*., 

and the man should keep 32«. for himself. 

Ex. 12. A hundred gallons of liquid contains 70 per cent 
mine and the rest water. How much wine should be added^ 
to raise the strength of the wine to 80 per cent, f 

The quantity of water is unchanged, and amounts to 30 
gallons after the addition of the wine. 

The quantity of wine : the quantity of water :: 80 : 20, 

: : 120 : 30. 

But the water continues to be 30 gallons, while now the wino 
is 120 gallons ; therefore 50 gallons of wine have been added. 

Ex. 13. A guinea is divided between A, B, and C, The 

share which A gets is - of Bs share ; but it is likewise 

2 

- cf Es and (Ts shares together. How was the guinea 

divided f 

A has the guinea -(5*s share + C"s share). 

But E% share + (7's share is o ^^ -^'^ share ; 

therefore ^'s share = the guinea — ^ of A^^ share ; 

. 7 
therefore ^ of ^*s share = the guinea. 

2 
A 's share = = of the guinea = 6^., 

5 5 

B\ share = jr of A*% share = - x 6 = 10*. ; 
3 3 

therefore the remainder, which is (7's share, = 5«. 

• 

Ex. 14. The price of gold is £3 „ 17*. „ lO^d. per oz.; a 
composition of gold and silver weighing 18 lbs, is worth 
£637 „ 78, : but if the proportions qf gold and silver were 
interchanged, it would be worth only ;£259 „ 1*. Find the 
proportion of gold and silver in the composition, and the 
price qf silver per oz, (S.-H., Jan. 1, 1856.) 

02 
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If the two himps wov added togetlier, there woold dearly 
be ISlba of gold + 18 Hm. of flflrer, and the Taloe of the two 
together would be 

/637 „ 7#. + £259 „ U.; 
therefore 

the worth of ISlbs. of gold + 18lbs. of silTer =^ £S9S „ Si. 

Bat the 
worthof 181ba.of gold=18 X 12(^3„ 17#.„ iaid)= J841 ^ U 

therefore the worth of Idlba. of nlrer ^ £55 „ 7#. 

Hence the yalne of 1 oz. of gflyer will be foond to be 5$,„\^, 

Again for the quantity : 

The difference in Taloe of the two compositioiis is 

U637 „ 7*.)- tf259 „ \».\ or is ;g378 „ 6$. 

The difference in ralne of 1 oz. of gold and 1 oz. of sflyer is 
(£3 „ lis. „ l0id.)-(59. „ lirf.), or is £3 „ 12#. „ 9d. 

And dividing £378 ^Sf.hy £3 „ 129. „ 9d,, we find the former 
contains the latter jnst 104 times^ the half of which la 52. 

In the first oompontion 

the quantity of gold is 9 lbs.-*- 52 oz., or 13 lbs. „ 4 oz., 
silver is 9 lbs.— 52 oz., or 4lbs.„8oz., 

whence in that composition 

the quantity of gold : the qnantity of sflver 

:- 13 lbs. „ 4 oz. : 4 lbs. ,, 8 oz. 
:: 1600Z. :56oz. 
:: 20 : 7. 

Exercise XY. 

1. Divide the number 100 into two parts which shall have 
to one another the ratio of 2 : 3. 

2. Divide the number 45 into three parts which shall be 
to one another in the ratio of 7, 5, 3. 

3. Divide the number 2679 into parts wliich shall be to 
one another in the ratio of - , - , - . 

V 4 O 

4. A person bequeathed £21463 „ 8#. to be divided 
between his two sons in the ratio of 3 : 5. What is the share 
of each? 
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6. Divide the number 2848 into two parts which are to 
one another in the ratio of 'S : 'S4. 

6. There is a mixture of brandy, wine, and water : for 

every gallon of brandy there are 2^ gallons of wine, and for 

2 
every half-gallon of wine there is ^ of a gallon of water. In 

123 gallons of the mixture, how much of each ingredient ? 

7. A person has four creditors ; to the first he owes j£624, 
to the second j£546, to the third £492, and to the fourth 
£368. He fails, and runs away, and the creditors find the 
whole amount of property he leaves behind him is only £830 : 
how ought it to be divided amongst them ? 

8. Three persons go into partnership, their several contri- 
butions being £235, £430, and £520 ; at the end of a certain 
time they find that their capital and gains amount to £1732 : 
what portion belongs to each 'i 

9. Three highwaymen agree to rob in company, and share 
the plunder ; but the first, being an older hand, says he shall 
claim twice as much as the second ; while the second claims 
half as much again as the third. Out of a booty of £127 „ 1«. 
how much does each get { 

10. Divide £31 between 12 men, 20 women, and 33 chil- 
dren, so that the share of each man, woman, and child shall be 
in the ratio of 5, 3, 2. 

11. If I distribute 5 guineas among 3 applicants, for every 
sixpence that I give to the first, giving ninepence to the 
second, and fifbeenpence to the third, what do I give to each ? 

12. Three persons form a company, the first of whom con- 
tributes 300 florins, the second 600 canne of cloth, and the 
third 1200 lire of saffron ; they gain 900 florins, of which the 
first receives 60, the second 360, and the third 480 ; what was 
the value of a canna of cloth, and of a hra of saffron ? 

13. Three comimnions are in a ship, one of whom has a 
butt oiMcdvoMa which holds 36 gallons, another one of Greek 
wine which holds 24, the third one of the wine of Romania, 
which holds 40. By a violent movement of the ship the butts 
are upset, and the wine is spilt in the hold. The butts are 
afterwards replaced and filled with the mixture ; what portion 
of each wine do they severally hold ? 
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14. Four persons, a gentleman, an artisan, a barber, and 
a friar, make a pi]<;rimage in company, and spend 60 ducats ; 
the barber agrees to pay 4 times as much as the friar, and 4 
soldi besides ; the artisan 3 times as mucli as the barber, and 
] 6 soldi besides ; the gentleman twice as much as the artisan, 
nnd 10 soldi besides. What sum was paid by each? (One 
Ducat= 20 Soldi.) 

15. ^ at the beginning of the year commences trade with 
a capital of ^2580 ; at the end of 3 months he takes into part- 
nership B with a capital of ;£4420 ; at the end of the year the 
f>ain they had made was ^3537; how was it to be divided 
between them ? 

16. The sum of £1000 is to be divided between 10 men, 
32 women, and 48 children; if each man's share is to be equal 
to the shares of two women, and the 32 women are to have 
twice as much as the 48 children, how much will the several 
individuals receive 1 (S.-H., Jan. 4, 1859.) 

17. The sum of £177 is to be divided among 15 men, 20 
women, and 30 children, in such a manner that a man and a 
child together may receive as nmch as two women, and all 
the women may together receive £60. "What will they respec- 
tively receive 1 (S.-H., Jan. 3, 1860.) 

18. If 10 men and 6 boys can do as much work as 8 men 
and 24 girls ; and 7 men and 9 boys as much as 60 girls ; how 
many men must help 3 men, 5 boys, and 6 girls to do as much 
work as 5 men, 3 boys, and 4 girls in the same time ? 

19. The price of pure gold is £i „ 2*. „ 6rf. an oz. ; the 
price of a mixture of gold and silver weighing 18 lbs. is £694 „ 
1,3^., but if the weights of silver and gold in the mixture were 
interchanged, the value would be £255 „ 15«. Find the weight 
and value of the silver in the mixture. 

20. The price of gold is £3 „ 17*. „ \^d, per oz. The price 
of a mixture of silver and gold weighing 18 lbs. is £171 „ 15«.; 
but if the weights of the silver and gold in the mixture were 
interchanged, the price would be £724 „ 13*. Find the por- 
tions of the silver and gold in the mixture, and the price of 
silver per oz. 

21. Supposing that a cubic inch of gold weighs 20 oz., and 
an equal bulk of silver weighs 12 oz., and a lump composed 
of gold and silver weighs 32 oz., less than if it were all gold. 
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bat 56 oz. more than if it were all Bilver; what is its actual 
weight? 

22. If the water in a mixture of brandy and water be J of 
the whole, and the addition of 40 gallons of water would re- 
duce the strength to half and half; how many gallons were 
there originally in the mixture 1 

23. A hundred and twenty gallon cask is partially filled 
with wine and water, the proportion of wine being 75 percent. 
The cask is then filled up with wine, and the wine is now | of 
the mixture. How much wine and how much water was there 
in the cask originally ? 

24. 40 per cent, of a mixture of wine and water is wine ; 
but when 10 gallons of water are added, the wine is then only 
t35 per cent. How many gallons in all were there at the first 
in the mixture 7 

25. A sum of money is divided among A, B, and C, so that 
A has one-third of what B and G together have ; and B 
has one-half of what A and G together have. What portion of 
the whole has G'l 

26. Of a sum of money divided between A^ B, and G, 

A* a share : J9's share :: 3 : 2, 
B*B share : Ga share :: 3 : 4 ; 

what portion had each ? 

27* If a cask contains 3 parts wine and 1 part water, how 
much of the mixture must be drawn ofif and water substituted, 
for the mixture in the cask to become half and half ? 



CHAPTER XIV. 

DTTEBEST. 

§ 94. Def. Interest is the consideration paid for the use 
of money borrowed . 

D^, When the Interest of the Principal alone is taken, 
it is called Simple Interest; but if the interest, as soon as it 
becomes due, be added to the principal, and interest be 
charged upon the whole, (t.«. upon the whole sum compounded 
of the Principal and the Interest from time to time accruing},- 
it is called Gompound Interest, 
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D^, The RaJte of Interest is the consideration paid for 
the use of a certain dam for a certain time; as of £100 for 
one year. 

By the "rate per cent" the rate per cent, per artnum is 
always understood unless the contrary be expressly stated. 

Z>^ The Amount is the whole sum due at the end of any 
time, Interest and Principal together. 

• The following abbreviations are commonly used in com- 
merce to save space in writing : 0/0 for per cent. ; @ for aJt; 
ale for account; o/a for on account. 

§ 95. The solution of questions in Simple Interest depends 
upon an easy practical rule, deduced from a simple proportion ; 
e.g. if it be required to find the simple interest on £885 for 
1 year at 4 per c^t., we should say, * If £100 in one year gain 
£4 as interest, what will £885 gain in the same time V 

£100 : £885 :: £4 : XAns. 
100x^n«.=885x4, 

885 X 4 

^^'•=-ioo-- 

Hence we deduce the Rule, viz. " Multiply t/ie Principal 
by the rate per cent, and divide by 100."- It is therefore un- 
necessary to state each sum as a proportion, because the 
division by 100 being effected in whole numbers by cutting off 
with a decimal point the last two figures, and in decimals by 
shifting the decimal point two places to the l^, it is the 
easiest plan generally, instead of reducing the quantities by 
cancelling, to multiply the principal at once by the rate per 
cent., and then effect the division by 100. 

Ex. 1. Find the Simple Interest on^ and amount qf 
£2275 for 3^ years at 5 per cent, per annum. 

2275 
5 



113*75 interest for 1 year 
_3i 

341*25 
56-875 



398 125 interest for 3| years. 
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Hence j£398 „ 28. „ 6d, is interest required ; and 

2276 
398 „ 28. „ ed. 

£2673 „ 28. „ 6d. amount. 

Ex. 2. JFhat tnll £4S0 amount to in 3 pears and 
3 months at £4 „38. „ 4d, per cent, per annum Simple 
Interest f 

480 

_i* 

1920 
80 



20,00 

Uierefore £20 is the interest for 1 year; and £20x3^ =£65, 
whence £646 is the amount required. 

Ex. 3. Find Simple Interest on £600 for 2} years at 
4^ per cent per annum. 

Fractions may be sometimes used with advantage. Thus 
in this case, multiply the principal by the rate per cent, and 
the number of years, and divide by 100, simultaneously, using 
fractions. 

^^^2-4^m 

= 100x9x7 X — 
= 63. 

Ex. 4. Find Simple Interest on £2666 „ IZs, „ 4d. for 
73 days at 4 per cent. 

2666| X 73 : 100 x 366 : : Ans. : 4, 

8000 
100 x366 x-4n*.=^- x73 x4, 

o 

16 



•^^'••"3xWx)^H< 

^4 
"3 
= £21 ,,6s,^Bd. 
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Ex. 6. Find the Simple Interest upon £1211 „ lOs. from 
the Zlst of March to the 4th of July <t at 4 per cent. 

Wheu interest is calculated from one date to another, leave 
out of the reckoning the^r^^ day named, but count the laet. 

Thus, omitting the Slat of March, there will be in April 
30 days, in May 31 days, in June 30 days, in July 4 days ; in 
all 95 days. 

First calculate interest on ;£1277'5 for a year: 

1277*5 
4 

51100 

therefore 61*1 is interest for 1 year, 

95 19 
and interest for 95 days will be ■— : , or ~ of this ; therefore 

IQ 

— of 61-1 = 19x7 

= 13-3 

= £13 „e*., 
the interest required for the given time of 95 days. 

Ohs. Since to multiply by 5 and divide by 100 is to mul- 

tiply by ttt;: , or «;:, it is sutfident in finding the Simple Interest 
xuu ^u 

on any sum at 5 per cent to take ~ th part, or to divide by 

20. Hence 5 per cent, interest is often reckoned at sight by 
calling it '^ one shilling in the pound." 

4 1 
Again, since iaT^ ^ ifi' ^ ^^^ ^® Simple Interest at 4 per 

cent., divide by 25. 

e.g. If it be required to find the Simple Interest on X5050 
for 3 years at 4 per cent., we may perform the operation thus : 

25 ) 5050 

202 interest for 1 year 

606 interest for 3 years. 

X.B. Do not multiply the Principal Jlrst by the number 
years, then by the rate of Interest; but rather find the 
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Interest for one year first, and then multiply that by the given 
number of years. 

Ex. 6. TVTiat is the Simple Interest on £825 for 7 years 
and 97 days at 2^ per cent.? 

To multiply by 2^ and to divide by 100 is to multiply 
by ~ ; hence, writing 97 days as a decimal of a year, 

825 x—x 7-2657506, &c. 

= 20-625 X 7-2657506, &C. 

and by contracted multiplication we have 

•0072657506 
52602 

1453150 
43595 * 
1453 
363 



149-8561 

whence, by inspection, £149 „ lis, „ l\d. is the interest re- 
quired. 



§ 96. When it is required to find what principal at any 
given rate will amount to a certain sum in a certain time ; or 
at wliot ratCf or in tchat time a given principal will amount to 
some given sum, the questions may be worked by proportion. 
For the principal which gains certain interest in a certain 
time may be treated just as a number of men who earn cer- 
tain wages in a certain time ; thus the principaJ. and the time 
may be looked upon as the causes, and the interest as the 
effect produced. 

The following examples will serve to explain the method 
here suggested : 

Ex. 7. What sum of money must be put out at Simple 
Interest for 4 years at 4^ per cent, to gain £24 „ 9*. „ 7^^. ? 

In other words, if £100 in 1 year gain £4^, what sum in 
4 years will gain £24 „ 9s. „ l^d. 1 
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100 X 1 : ^it#. X 4 :: 4^ : 24^1, 

68 

2xi» 

♦ • 

Ex. 8. FFAo/ i$ the Principal that must he jnU out at 
3| per cent. Simple Interest for 6 years^ to amount to 
£nz„l8s.l 

In 6 yean at d} per cent ^100 will gain £17^, and will 
amoont to ^£117}. Hence if, in the given time at the given 
rate, £100 amount to iB117|, what sum will amount to 
£173 „ 18#. in the same time at the same rate ? 

principal priiid(»l amoant amoont 

100 ; Ans. :: 117J : 173^, 

J 235 ,^ 1739 
^n#.x-2- = 100x-jjp, 

2 37 2 

= 148. 

Ex. 9. In what time will £1360 amount to £1802 at 
5 per cent. Simple Interest f 

1802 amount 
subtract 1360 principal 

442 interest. 

Hence, if £100 gain £5 in 1 year, in how many years will 
£1360 gain £442? 

100 X 1 : 1360 X Ans, :: 6 : 442, 

Ans. X 1360 x 5 = 100x442, 

68 
^221 
34 
s=6^ years. 
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Ex. 10. At what rate qf Simple Interest mU £776 „ 15t. 
amount to £978 „ 149. „ 1^. in 6^ years t 

£. 9. d. 

978 „ 14 „ 1} amount 
subtract 776 „ 15 „ principal 

201 „ 19 „ 1^ interest. 

Hence the question is, ** If £776 „ I5s. gain £201 „ 19«. „ lid. 
in 6^ years, what will £100 gain in 1 year ?'' 

principal yn. principal yr. interest interest 

776} X 6i : 100 x 1 :: 201*956 : Ans., 

Ane. X 776-75 x 65= 100 x 201S55, 

J ^ 20195-5 
■"5048-875 
"4 per cent 

Ex. 1 1. In what time teill a sum of money dotible itsel/f 
if put out at Simple Interest at any given rate per cent, 
per annum f 

In other words, in what number of years will the interest 
on £a become £a at any given rate,, say r per cent, per 
annum? 

The interest on £a for 1 year at r per cent, is a x - — ; 

r 
and in x years, a x - — - will be gained x times over. 



By the hypothesis 



«x«Xj^-^a; 



multiplying each side by 100, a? x a x r = 100 x a, 
and dividing each by a, ^ x r = 100, 

100 

therefore, dividing each by r, x- 



r 

Hence by dividing 100 by the given rate per cent., we find the 

number of years reqiured. Thus a sum of money will double 

100 
itself at 5 per cent in -— , or 20 years; at 4 per cent, in 

-J-, or 26 years ; and so on. 
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§ 97. Compound Interest consists of a series of Simple 
Interest sums, where the amount at the end of the first year 
becomes the principal for the second year, and so on. 

Ex. 12. Required the Comprmnd Interest and amount qf 
£457 „ lOs, at ^percent, for 3 years. 

Such examples are most easily worked by writing the 
shillings, &c as decimals of a pound ; and remembering that 
the division by 100 will be effected by shifting the decimal 
point two places to the left. Thus 

457-5 
4 

1830-0 
therefore X18'3 is interest for first year. 

457-5 
18-3 

475-8 
4 



1903-2 
therefore ;£19*032 is interest for second year. 

475-8 
19-032 



494*832 principal for third year 

4 



1979-328 

therefore £19*79328 is the interest for third yean 

Hence 494*832 

19*79328 

514*62528 amount* 

514 „ 12 „ 6 amount 
457 „ 10 „ principal 

57 „ 2 „ 6 compound interest, 

Ex. 13. Required the amount of £750 at Compound 
Interest for 1^ years at 4 per cent, the interest being payable 
half-yearly. 

Instead of finding the interest for a year and halving it, we 
■lid halve the rate of interest ; because 2 per cent, per half- 
's the same thing as 4 per cent, per annum. 
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760 
2 



16*00 



760 
16 


766 
16*3 


766 principalfor2ndhalf-7ear 780*3 prindpalforSi 
2 2 


15*30 

therefore £16*606 is 


1660*6 
interest for the third half-year. 
780*3 
16*606 



796*906 
therefore £796 „ ISs, „ l^ amount. 

Ex. 14. A and B lend each £248 for 3 yeart at 3j^ per 
cent.f one at Simple, the other at Compound Intereet: find 
the difference qf the amount qf intereet which ttiey reepeo- 
tivdy receive. 

248 

744 8*68 

124 3 



8*68 26*04 Simple Interest for 3 years. 

248 
8'68 



266*68 principal for second year 

770-04 
128*34 



898*38 
therefore £8*9837 is interest for second year. 

266*68 
8-9838 

266*6638 
3i 

796*9914 
132*8319 

929*8233 
therefore £9*298233 is interest for third year. 
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Hence 868 

8*9838 
9*298233 



26*962033 Compound Interest 
26*04 Simple Interest 

'922033 difference 
therefore 18«. „ 5^. is the differenca 

Ex. 15. What is the Compound Interest on £32000 ./br 
2 yeart <xt 5 per cent, interest being payMe half -yearly t 

We most find the interest for each of the four half-years 
at 7\ per cent But to multiply by 2} and divide by 100 is 

to multiply by -- ; hence 

40) 32000 

800 interest for first half-year. 
40 ) 32800 

820 interest for second half-year. 
40 ) 33620 

840.} interest for third half-year. 

40 ) 34460 „ 10 „ 

861 n 12 » ^ interest for fourth half-year. 

£. *. A 

Hence 800 „ „ 

820,, 0„0 

840 „ 10 „ 

861 „ 12 „ 6 

3322 „ 2 „ 6 Compound Interest for 2 years. 

Ex. 16. WhaJt sum at 4 per cent. Compound Interest will 
amount in 2| years to £4247 „ Ss, „ 10'368<^. / 

First we find that £100 in 2^ years at 4 per cent. wiD 
amount to £ 1 1 0*3232. 

Kext £4247 „ 8*. „ 10*368<^.= £4247*4432. 
principal principal amount amount 

Hence 100 : Ans. :: 110*3232 : 4247*4432, 
Ans, X 110*3232 = 4247*4432 x 100, 
. 42474432 ,^ 

^'^•^ 1103232^^^ 
= 38-5x100 
= 3850. 
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Ex. 17. Find the amount of £842 „ Ss. for 4 pears at 
5 per cent. Compound Interest 

The following method of performing the operation of Com- 
l>oand Interest deserves attention : 

In one year £100 amounts to £105; what will 842*4 
amount to ? 

first year^ amount 

100 : 842*4 :: 105 : x, 
a? X 100=842-4x105, 

-(8«.,(|5?) 

= (842*4) (1*05). 

Now suppose the first year's amount, viz. (842*4) (1*05) to 
be put out to interest for the seoond year. 

•eoond yearii amount 

100 : (842*4) (105) : : 106 : x, 
a? X 100 = (842*4) (1*06) (106), 
a?= (842*4) (1-05) (r06) 
= (842*4) (r05)«. 

Similarly the amount at the end of the third year woidd 
be (842*8) (1 06)', and at the end of the fourth year tlie 
amount would be (842*4) (106)1 

Now (105)* = 1-21550625, 

and this we multiply by the given principal, using the con- 
tracted form ; 

'121650625 
4248 



972405 

48620 

2431 

486 



1023 942 
whence the amount reqiured is £1023 » 18«. „ lOef. 

§ 98. A few examples are subjoined of Insurance^ Com,- 
mission^ dc^ which are commonly placed as a separate rule, 
although they are only instances of interest in a peculiar 
form. 

p 
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Ex. 1. W7Mt is the premium of a policy qf asiurance 
for £3500 upon the life of a person aged 44 last birthday^ 
when in the Tables it is found that for every j6100 assured 
a person aged 44 must pay £3 „ I2s. y, 6d. annitally f 

It is here requisite to find the Simple Interest on i£35(K) 

at 3 j per cent 

„ 3500x3} ^^ ^g 

Hence — loo ^^^'^^J 

= 126| premimn required. 

Ex. 2. What would be the cost qf insuring a vessel and 
cargo valued at £3562 „l5s.at S^per cent, f 

It is only necessary to find the Simple Interest on 
£3562 „ 15«. at 6^ per cent. 

3662-75 
6i 

21376-50 
890-6875 



222-671876 
(shifting the decimal point two places to divide by lOO), 
whence, by inspection, £222 „ \Zs. „ M. is the sum required. 

Ex. 3. What would he the Commission paid to an Agent 
for selling a cargo which realized £4863 „ \Zs, „4d, at 2^ 
per centJ 

Multiplying 4853*6625 by 2'75, by the contracted method, 

we hare 

48-536625 

572 

9707325 

3397594 

242683 



13347-572 

Hence, shifting the decimal point two places, and finding, 
by inspection, the value of the decimal, £133 „ 9#. „ ^d, is the 
sum required. 

Ex. 4. A vessel with its cargo wa>s valued at £45387. 

The owner insured in such a manner, that although the 

—^fel was lost, he received the full value qf vessel and cargo, 

"ikewise got hack the premium he had paid. Supposing 
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that the underteriters insured at the rate qf 7| pw eent^ 
at how much above its real value did he insure the vessel 
and cargo f 

If every £92i worth, were insured for £100, thii would 
cover both the loss of goods worth £92i, and likewise a 
premium of 7f . 

Therefore he insured every 92J worth as if worth £100. 
Henco 92^ : 45387 :: 100 : Ans,, 

369 ^ 

-^ X AnM. = 45387 x 100, 

123 
^^,, ^WTx 100x4 



=49200; 

^)T^^ ^t ^"^^^ ^^ ''^^' ^^^ ^^«387, was insured for 
;£49200, or for £3813 more than its real value. 



EXEBOISB XVI. 

^1 ]L ^"^t ^"^^ ^""^^^ """ ^^2^ » 1^'- ^0"^ i Of a year at 
3i per cent per annum. 

2. Required the amount of £400 in 3 years and 36 days 
at 3f per cent, per annum, Simple Interest. 

/a .^i AM a^*" ^\ *T® *™^''°* ^^ ^^^^ ^ 3 years ajid 46 days 
® 4| 0/0 Simple Interest ? ^ 

4. What is the Interest on £367 „ 10*. for 49 days @ 3* 
0/0 per annum? .^ '^ 2 

5. What is the Simple Interest for 2 years on £120 „ 6*. 
at 3i per cent per annum ? 

6. Find the Simple Interest on £172 „ 18«. „ 9d: for 3 
years at 4 per cent 

7. Find the Simple Interest on £1618 „ 1*. for 20 years 
at 3} per cent ^ 

is>QOK ^^ ^^^TT '"^^"^ respectively £579 „ 3*. „ Ad. and 
A-45y5 „ 16*. „ M. m a business which returns 12 per cent 
per annum on the capital mvested; find the annual share of 
each. 

9. Find the Simple Interest on £2833 „ 6*. „ 8d for 2i 
years, @ 3 0/0 per annum. 

P2 
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10. Find the Simple Interest on £5555 for 5^ yean at 5^ 
percent 

11. What is the Simple Interest on £3715 „ lOt. for 2 
years and 131 days at 4} per cent f 

12. Find the Simple Interest on £312 „ 19t. „ ^, for 
l*year and 27 days @ 3 0/0. 

13. What is the Simple Interest on £474 „ 15*. for 2 years 
and 4 months at 4 per cent per annum ? 

14. Find the Simple Interest on £63 „ 15«. „ *!cL for 1^ 
years at 4^ per cent 

15. An annnity of £50 is put out to interest immediately 
after payment; what will it amonnt to at the end of the 
sevenUi year after the first payment, allowing 5 per cent 
Simple Interest I 

16. What would be the interest on £150 from the 10th of 
September to the 2nd of November at 4| per cent ? 

17. An estate of 750 acres, which pays an average rent of 
£1 „ 12f. „ 6cL per acre, is burdened with a mortgage of 
£2500, for which interest is paid at the i-ate of 4 per cent per 
annum ; what is the clear rental of the estate ? 

18. What amount of capital put out to Simple Interest ® 
3^ 0/0 will produce £14 interest in 2^ years ? 

19. What would be the interest on £425 from Ist January 
to the 4th of May, in Leap Year, at 2} per cent 1 

20. What sum at 3| per cent will produce an income of 
£445 per annum ? 

21. Suppose a man receive interest on £65 „ 4 florins „ 
3 cents „ 2 mils at the rate of 1 cent for each florin per annum, 
what sum (in pounds, shillings, &c.) does he receive at the end 
of the year 1 

22. Find the annual interest on the following sums : 
£25 „ 1 florin „ 7 cents „ 5 mils at 30 per cent ; and £368 „ 
7 florins „ 5 cents at 5 per cent, expressing the interest as 
pounds, shillings, and pence. 

23. If an exchequer bill fbr £1000 bear interest at the 
rate of 2s, per diem, what ia the rate of interest per cent per 
annum? 

24. What principal must be put out for 2|- years at 4 per 
cent Simple Interest to amount to £132 „ Us, ? 
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25. Find in what time £963 „ lOs, „ 6d, will amoont to 
£988 „ 16#. „ 4/(/|jd at ^ per cent Simple Interest 

26. At what rate of Simple Interest will £225 „es,„Sd, 
gain £3 ,, 13«. » 2^d. in 6 months ? 

27. In what time will £450 amount to £516 „ ISs, „ 9d. 
at 3^ per cent Simple Interest 1 

28. What is the capital which, put put at 3} per cent. 
Simple Interest for 6 years and 4 months, will amount to 
£9973 „ es. „ Sd, ? 

29. When in 2 years and 63 days the Simple Interest on 
£325 is £24 „ I4s. „ 3f |£?., what is the rate per cent per 
annum) 

30. In what time will the Interest upon £320 ,, 12s, „ 6d, 
be £70 ,f 10«. „ 9d. at 4 per cent Simple Interest ? 

31. What piincipal, put out for 6^ years at 4} per cent. 
Simple Interest, will amount to £1002 „ I9s, „ l\dA 

32. What is the rate of Simple Interest when £315 „ 6#. „ 8(/. 
will amount to £359 „ 9«. „ 1\d. in 4 years ? 

33. In what time will £150 „ 15«. amount to £175 „ U, „ 2}^. 
at 4^ per cent Simple Interest ? 

34. What capital would be required to gain £12 ^ 1$, „ O^d. 
in 2 years and 5 months at 3^ per cent ? 

35. What must be the capital employed to gain £95 „ 
6s, „ Ad, as interest in 3} years at 4f per cent Simple Interest ? 

36. If I2s, „ 4d.y when left in a Savings Bank for 5} years, 
gained 3t. „ (^f^f what was the rate of interest allowed ? 



EXEROISB XYIL 



COMPOUND IITFEAEST. 



1. Find the amount of £250 in 2 years at 3) per cent 
Compound Interest 

2. What is the amount of £690 for 3 years at 4^ per cent 
Compound Interest 1 

3. Find the amount of £1000 for 4 years at 6 per cent 
Compound Interest 1 

4. Find the amount at Compound Interest of £363 „ lOs. 
for 4 years @ 5 0/0. 
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5. What is the Compound Interest on £300 at 4 per cent 
per annum for 2 years, if the interest be paid half-yearly ? 

6. Find the interest on £20000 for 4 years at 3 per cent. 
Compound Interest. 

7. Find the Compound Interest on £750 for 2 years at 4 
per cent : also the amount of the same sum in 2 years if the 
interest be payable half-yearly. 

8; If the sum of £1200 be put out at 10 per cent, per 
annum Compound Interest, and the interest be paid half- 
yearly, to what will it amount in a year and a half ? 

9. Find the difference between the Simple and Compound 
Interest of £2475 „ ISs, „ 4d, for 2| years at 3} per cent 

10. Find the amount of £540 in 3 years at 4 per cent 
Compound Interest. 

11. Fmd the amount of £130 in 3 years at 5 per cent 
Compound Interest. 

12. Find the amount of £769 in 4 years @ 4 0/0 Com- 
pound Interest 

13. Find the difference between the Simple and Com- 
pound Interest on £150 „ 15^. for 3^ years at 4 per cent 

14. What sum must be put out to Compound Interest for 
2| years at ^\ per cent to amount to £174*39543 ? 

16. What is the difference between the amount of £250 
accumulating during 3 years at 3 per cent Compound Interest, 
and the amount of the same sum for the same period at 4 per 
cent. Simple Interest ? 

16. Find the Compound Interest on £1563 „ 19«. „ 8rf. 
for 2} years at 3} per cent 

17. Find the difference between the amount at Simple 
and Compound Interest of £895 ,, 16«. for 2 years at 3j^ per 
cent 

18. At 3} per cent. Compound Interest, what capital will 
amount to £289 „ 4«. „ TZSd, in 2 years ? 

19. Find the amount of £415 „ 10^. in 2^ years at 4 per 
cent Compound Interest. 

20. What is the amount of £230 „ 10«. for 3 years at 3^ 
per cent Compound Interest. 

21. What would £25 „ \2s, amount to in 3 years at.4i per 
cent Compound Interest ? 
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22. lu 3 years afc 4 per cent Compound Interest what 
would £1080 amount to ? 

23. What is the Compound Interest on ;£3360 at 4 per 
cent, per annum for 2 years, if the interest be paid half- 
yearly] 

24. What sum must be put out at 10 per cent Compound 
Interest to amount in 3 years to £1597 ,, 4a. ? 

25. Find the sum of money which in 4 years at 5 per 
cent. Compound Interest will amount to £%S\ „ 4f. ,, 10^^. 



CHAPTER XV. 

DISCOUNT. 

§ 99. The principle upon which the Rule of Discount de- 
pends, being frequently misunderstood, the following expla- 
nation should be read attentively : 

When a debt due at some future time, — ^not a Tradesman's 
Account, but a Bill, or a Promissory Note, or the Rent of a 
House, or any debt which cannot be claimed at present, but 
which will fail due some time hence — when such a debt is 
paid htfore it is due, a sum smaller than the actual debt may 
be paid down by the Debtor, and will be accepted by the 
Creditor as payment in full. 

The reason why the Creditor accepts a sum smaller than 
his full due is because he would at once put out to interest 
the money he receives from the Debtor; thus, whatever he 
will gain as interest he can afford to remit from the debt ; 
and this principle will be manifestly fair to both payer and 
receiver. 

Now call the sum accepted as the present payment, the 
Present Worth : and call the money that is thrown off, the 
Discount. The Present Worth must be such a sum as would, 
if put out to interest for the given time at some agreed ou 
rate, amoimt to the debt ; and the interest it would gain in 
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that time mugt be the Bum remitted, or the Dueount. Hence 
we deduce the following : 

Def, The Present Worth of any dd>t dtte at some fuiure 
time is the smaller sum accepted at the present time in lieu 
of the entire debt at the fuJture tim^; and is such that^ if 
put out to interest at a giten rate for the time during which 
the debt had to run, it toould at the end of that time amount 
to the debt itself. 

Def, Discount is the abatement made in consideration of 
the payment cf a debt b^ore it is due ; and is the simple 
interest qf the present worth qfthe debt. 

Hence debt — discount = present worth, 

and debt — present worth = discount 

From these definitions we can shew that the discount of 
a debt must always be less than the interest upon it for the 
same time. For ( I ) the discount is the interest upon the present 
worth ; but the present worth is always less than the debt ; 
and therefore the interest on the present worth will always 
be less than the interest on the debt ; or the discount on any 
sum will always be less than the interest of the same sum for 
the same time. 

Again, (2) since present worth + discount = debt, it follows 
that if the debt in a certain time would give certain interest, 
we may say that in the same time present worth + discount, if 
put out to interest, would amount to debt + interest But by 
the definition, the present worth would amount to the debt ; 
therefore the discount would amount to the interest ; that is, 
the discount is the present worth of the interest 

§ 100. We see from both these considerations that interest 
is really greater than discount: yet the two are commonly 
confused, discount being frequently supposed to be the same 
thing as interest This is perhaps to be accounted for by 
these two circumstances ; first, tradesmen as a rule deduct 
interest from an account, and call it discount ; an element of 
confusion which will be more fully explained below, in § 103 ; 
secondly, the terms in which the questions are expressed 
sometimes lead to a mistaken notion ; for instance, if it be 
required to find the present worth of any sum '^ allowing dis- 
count at 5 per cent," it is taken for granted that this means 
*' throwing oflf jfi5 from every £100;" whereas in reality the 
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first thing in allowing discount is for the payer and receiver 
to agree upon the rate at which the interest on the present 
worth is to be calculated ; and then ^ allowing discount at 
5 per cent." will not mean throwing off £5 from eyery j£100 ; 
but will mean ^ allowing discount when the rate of interest 
agreed on is 5 per cenf 

§ 101. We now proceed to explain the practical rule for 
finding the discount of any sum. 

If ;£100 were due a year hence, and if £96 were accepted 
as the present worth of this debt, the £95 being put out to 
interest at 5 per cent, would not gain £5, and would not 
amount to £100 at the end of the year : and £5 would be too 
large a sum to allow as the discount on ;£100 for a year. 

But if £105 were due a year hence, and £100 were ac- 
cepted as the present worth, the £100 being put out to interest 
at 5 per cent toovM gain £5, and tcotUd amount to £105 at 
the end of the year. 

Hence, we observe that £5, the interest on £100 for a year, 
is the discount on £105 for the same period : and generally, 
the same sum that is the interest qf £100 for any time^ willj 
for the same time, be the discount qf £100 increased by that 
interest. 

The rule therefore for finding the discount on any sum will 
be this: ''First find the interest upon £100 for the given 
time at the given rate, and add it to the £100 : the sum found 
us interest on £100 will be the discount on the £100 increased 
by its interest : then the discount on any other sum for the 
same time at the same rate can be found by proportion.^' 

This will now be illustrated by examples : 

Ex. 1. Find the Discount on £770 due 8 months hence, 
allomng interest at 4 per cent, per annum. 

8 2 
8 months=— = « of a year; 

therefore interest at 4 per cent on £100 for 8 months 

=|of£4=£|=£2S; 
therefore £2f is discount on £102| for 8 months. 
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Debt Debt DiMt DiMt. 

Hence 102| : 770 :: 2$ : Ana., 

^x:4n..=770x| 

2 
^n#.=770xjx^ 

77 



= 770 x^ 

=20. 
Ex. 2. Find the exact Discount which ahotdd be allowed 
upon jfilOO due a year hence, reckoning interest at 5 per 
cent, 

£6, which is the interest upon ^£100, is the discount upon 
£lOb for a year ; therefore 

105 : 100 :: 6 : Ans., 
105 x^fw. = 100x6, 
lOOxS 

21 
100 
21 
= ;£4„15#.„2jrf. 

Hence ^£100 - ;£4 „ 15*. „ ^d, « ;£96 „ 4*. „ %\d. is the 
exact present worth of jglOO due a year hence, when interest 
is at 5 per cent 

§ 102. In mercantile transactions, if a bill for ilOO due 
a year hence were to be discounted, interest being at 5 per 
cent, the merchant or banker would give to the holder of the 
bill only £9b as the present worth ; deducting the interest, 
i.e. £!), instead of £4 „ 16*. „ 2t^d,, the exact mathematical 
discount The difference between £5 and £A „ 16*. „ ^d. 
viz. 4*. „ 9}d.y is the discounter's profit, and the sum which the 
holder of the bill pays for the accommodation. This 4*. „ 9}d. 
is the interest at 6 per cent on £4: „ 15*. „ 2^d. for 12 months 
(for discount is the present worth of interest, § 99) ; and there- 
fore the loss incurred by the holder of the bill by being charged 
interest instead of discount, is a sum which is the simple 
interest upon the exact discount, for the time during which 
the bill has to ran. 
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From this we see, generally, that the difference between 
interest and discount on any given sum for a given time \A 
equal to the interest oti the discount for the same time. 

§ 103. When a tradesman lowers the price of any article 
in consideration of payment in ready money, this is neither 
mathematical discount, nor mercantile discount, nor discount 
in any proper sense of the word. For, strictly speaking, pay- 
ment cannot be said to be made h^ore due^ when once the 
article has passed into the possession of the purchaser. But 
the tradesman marks his goods at such prices above what he 
gave for them, that ho may be enabled to make a profit by 
retailing them, and give credit besides for, say, 12 months. 
Suppose he marks the credit price of his goods at 35 per 
cent, above the cost price ; this rate of interest he wUl lower 
to 30 per cent if he be paid in ready money : and this he calls 
allowing discount at 5 per cent The schcalled discount of 
trade is therefore only lowering the rate of interest charged 
by the retail dealer. 

§ 104. Since ;£lOO is the present worth of £105 due a 
year hence, interest being at 5 per cent., we can find the 
present worth of any given sum by proportion, without first 
finding the discount and then subtracting it from the debt 
The method is as follows : 

Ex. 3. Find the Present Worth of £10500 dwV^ mmthe 
hence ai 4 per cent. Simple Interest 

15 months is — or ^ of a year ; 

therefore the interest of £100 for 15 mouths is j of 4, or 
£5; therefore 

Debt Debt PrtWth. PrtWth. 

105 : 10500 :: 100 : Ans,, 

105 X Ans, = 10600 x 100, 

Ans.= 100 xlOO 

= 10000. 

If it be agreed to reckon compound interest on the present 
worth, we must find the compound interest on £100 for the 
given time at the given rate, add it to £100, and proceed as 
before. 
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Kx. 4. Find the Discount qf ^81035 „ 17*. „ 6rf. /br two 
years cU 4 per cent. Compound Interest, 

At 4 per cent. Compound Interest, £\Q0 amounts to 
j£l0816. Hence • 

Diflct. Disct 

108-16 : 1036'876 :: 8*16 : -4w*^ 

Ans. X 10816= 1035-875 x 816, 

51 
- 1035-875 X ^\^ 

676 

62829-625 
676 

=7815033, &c. 

= ;£78„ 3*. ,,0-0792^. 

We may be asked to find the principal^ where the discount 
is given ; or the rate cf interest ; or the tims for which the 
debt has to run : and to illustrate such cases, the following 
examples are subjoined. 

Ex. 5. WhaJt was the Debt of which the Discount for 
3 years at 4 per cent. Simple Interest , was ;£36 ? 

£l2 is the interest of ;£100 for given time at given rate. 

Hence 

112 : Ans. :: 12 : 36, 

12 x^w*.= 112x36, 

. 112x36 
^'''• = — 12~ 

= 112x3 

= ;fi336. 

Ex. 6. When the Discount on ^£256 „ 10*. paid half a 
year h^ore it is due is £5 „ 0*. „ 1-^., at what rate is 
Simple Interest calculated f 

From ;£256 „ 10*. deduct £6 „ 0*. „ Ifid,, and the result, 
£251 „ 9*. „ 4(f6?., is the present worth. But the discount 
of the debt is the interest on the present worth. Hence 
£6 „ 0*. „ If^d, is the interest on £251 „ 9*. „ 4^\d, for 
6 months ; and we have to find the interest on £100 for 12 
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luoutlu at the same rate ; therefore 

251^x6 : 100x12 :: 6^}^ : Ans.j 

4276 171 

-rs- X 6 X Ans, = 100 x 12 x — - , 
17 34 ' 

4 171 17 I 

Ans. = mxl2x^x^^x^ 

171 
^4 percent. 

Ex. 7. Xf£S2 „ 18*. „ 9Jfrf. be the Discount qf a debt q/' 
J 14 10, Simple Interest being at the rate qf 3| per cent., how 
many months btfore due waPthe debt paid? 

1410,, 0„0 
82 „ 18 „ 9fJ 



1327,, 1„2tSV 

Hence j£82 „ 18*. „ ^\^d, is the interest on the present worth 
of ;6'1327 „ 1*. „ 2^d, for an unknown number of months ; 
while 32 is the interest on ;£100 for 12 months. Therefore 

100x12 : 1327tV^-^^- - 3i : 82ff, 

. 22560 15 -^ ,- 1410 
Am. X — , ,-— X - = 100 X 12 X — ^- , 

^w*. = Wxl2x^^-J-5x ^^ -^ 



17 ^\\\ \\ 
16 3 
= 20 months. 

Ex. 8. The interest on a certain sum of money for tico 
years is £*Il „ 16*. „ l^d., and the Discount for the same 
time is £6S „ 17*., Simple Interest being reckoned in both 
cases. Find t?ie rate per cent, per annum, and the sum, 
(IS.-II., 6 Jan., 1863.) 

Since the discount is the present worth of interest (§ 99), 
it follows that 

£ t. £ t. d. 

63 „ 17 is the present worth of 71 „ 16 „ 7^ 

i.e. 63 „ 17 would in 2 years amount to 71 „ 16 „ 7^ 

i.e. 63 „ 17 would in 2 years gain as interest 7 „ 19 „ 7^ 

.' 1 year 3 „ 19 „ 9* 
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From this we can find what £100 would gain in 1 year, 

63J4 : 100 :: 3JJJ : Ans., 

1277 . ,^^ 1277 
— x^n,.=100x — , 

A 1AA 1277 20 
Am, = 100 X -rr- - X 



320 1277 
= 6 J rate per cent 

Next to find the sum in question, we know that £1\ „ 

168, „ l^d. is the interest on it for 2 years at 6^ per cent; 

hence 

100 X 1 • : Ans, x 2 :: 6i : £11 „ 16*. „ l^d., 

Ans. X 2 X ^= 100 X {£i\ „ 16*. „ l^d.), 

2 
Ans, = -- X 100 X (£71 „ 16*. „ l^d,) 

= 8x(£71„16«.„7K) 
= £674,, 13*. 

Ex. 9. Xf £4 be allowed as Discount off a UU qf£40 dm 

6 months hence, hoto much should be allowed off a bill qf the 

same amount due 13^ m^onths hence f 

£ £ 

4 is 6 months' discount off 40 

therefore 4 interest on 36 

therefore 9 is 13^ months* interest on 36 

therefore 9 discount off 45. 

From this we can find what will be the discount off £40 for 
the same time and rate ; for 

45 : 40 :: 9 : Ans.^ 

45x^n*.=40 X 9, 

. 40 X 9 
Ans.= — T- — 

45 

B 8, discount required. 

Ex. 10. If £3 be allowed as Discount off a bUl qf £33 
due 6 m^onths hence, what shotdd be the bill from which the 
sama sum is allowed as 3 months' discount ? 

£ £ 

3 is 6 months' discount off 33 ; 

therefore 3 interest on 30; 

therefore 3 is 3 months' interest on 60 ; 

therefore 3 discount off 63* 

Hence £63 is the amount required. 
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Ex. 11. J[f£Z be aUovoed ait 6 montht^ Discount off£ZZy 

and at the same rate qf interest ;£10 be allowed off a bill nf 

£60, /or how long a period had the latter to run f 

£ ' £ 

3 is 6 months' discount off 33 ; 

therefore 3 interest on 30 ; 

therefore 6 60; 

therefore 10 is 12 months' interest on 50 ; 

therefore 10 discount off 60. 

Hence 12 months is the time required. 

Ex. 12. jy £\0 be the Interest upon £110 for a given 
time, what should be the Discount qff ;£110 for the same 
timef 

10 is the interest upon 110 ; 
therefore 10 is the discount off 120. 

From this we can find the discount to be allowed off ;£110 
for the same time and rate ; for 

120 : 110 :: 10 : Ans,, 

120 x-4?w. = 110x10, 

Ans, = 9} 

= £9^, 3«. ,,4d. 
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DISCOUNT. 



1. What discount should be allowed on £420 paid 9 
months before due, simple interest being calculated at 5 per 
cent. 1 

2. Find the discount on ^£243 „ lOs. due 5 months hence, 
at 3^ per cent interest. 

3. What is the discount on £1120, due in 16 months, at 
5 per cent per annum ? 

' 4. A bill of £46 „ Os, „ 6i(/. is due 10 months hence ; 
what is the discount for ready money, when interest is 3} per 
cent per annum ? 

5. Find the discount on £600, due in 6 months, interest 
being at the rate of 5^ per cent 
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6. State the difference between Interest and IMsconnt ; 
and find the discount on £150, due 8 months hence, at 5 per 
cent 

7. What is the difference between the interest on a bill 
of £IZS „lZs, „ 4d. for 3 months, at 4 per cent, per annum, 
and the discount on the same for a quarter of a year, at the 
same rate 1 

8. What is the present value of ;£875 „ 9t. „ 6^., due 5^ 
years hence, at 3^ per cent, simple interest ? 

9. Shew that the interest on £266 „ ISs. „ 4d, for 3 months, 
at 4.} per cent, is equal to the discount on £83 for 16 months, 
at 3 per cent 

10. What is the discount of £430, paid 8 months before 
it is due, interest being at 4 per cent ? 

11. Find the discount of £125 „ lOs., paid 3 months before 
it is due, the interest of money being 4 per cent per annum. 

12. What is the discount of £1250, due 9 months hence, 
at 5^ per cent ? ' 

13. Required the present worth of £572, due 8 months 
hence, at 3 j per cent interest. 

14. What is the present value of £120, due 10 months 
hence, at 4 per cent. 1 

15. In consideration of immediate payment, what sum 
ought a tradesman who gives 2 years* credit to abate in a bill 
of 14 guineas, allowing interest at 7^ per cent 1 

16. What is the discount on £485 „ 28., due 2 years hence, 
at 5 per cent compound interest ? 

17. What is the difference between the interest and dis- 
count of £125 „ 88, „ 6d. for half a year, at S^ per cent i 

18. Required the discount and present worth of £151 „ 
1*78, „ 6d, due at the end of 4 years, at 5| per cent 

19. Required the present worth of a debt of £1242 „ 
68. „ Sd, due 246 days hence, at 3f per cent 

20. What present payment will discharge a debt of £75, 
due 17 months hence, interest being at 4 per cent ? 

21. What ready money will discharge a debt of £170, due 
5 months hence, allowing 8 per cent interest ? 
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22. Find the discount on £150 for 55 days, at 4| per cent, 
per annum. 

23. Find the present worth of £694 „ 15«. duo in 9 months, 
allowing 3^ per cent interest. 

24. What is the rate of Simple Interest, when £578 „ 
13«. „ 4d, paid down is considered equivalent to £593 ,, 2s. „ Sd, 
at the end of 8 months 1 

25. What is the discount of £964 „ I9s, „ 6d. due in 3 
years hence, at 10 per cent. Compound Interest ? 

26. What ready money will discharge a debt of £85, duo 
5 months hence, allowing interest at the rate of 13«. .^ 4d. per 
cent, per month ? 

27. What is the present worth of £101236 „ 7*. „ 2d, 
due 3 years hence, at 6 per cent Compound Interest 1 

28. What is the present worth of £120 payable as follows : 
viz., £50 at 3 months, £50 at 5 months, and the remainder at 
8 months ; interest being at 5 per cent. ? 

29. Required the present worth of £868 „ 4s. „ 3}d. due 
3 years hence, at 5 per cent. Compound Interest ? 

30. Bought a quantity of goods for ready money for £150, 
and sold them for a bill for £200 payable | of a year hence. 
If this bill were at once fiiirly discounted, at 4^ per cent, 
interest, what would be the ready money gain on the trans- 
action ? 

31. Find the present worth of £562 „ Ss. „ lild. due 
3 years hence, at 4 per cent. Compound interest 

32. If on a debt of £252 „ I9s. „ 3</. due a year hence,- 
the discount allowed be £7 » I9s. „ 3d., at what rate was 
interest calculated ? 

33. If £1137 „ lOs. be the present worth of a debt of 
£1336 „ lis. „ 3d. when Simple Interest is calculated at 5 per 
cent., how long before due was the debt paid ? 

34. If on a debt of £16992 „ Is. „ 9d. due 4 years hence, 
the present worth were £14648 „ Ss. „ 9d., at what rate was 
the Simple Interest calculated ? 

35. If £666 „ I3s. „ 4d. be the present worth of a debt 
due six months hence, money being worth 3 per cent per 
annum, find what was the debt. 

36. When it is reckoned that £262 „ 4s. „ d^d. is the 
exact present worth of a debt of £275 „ 6«. „ Sd., interest 
being at 4 per cent per annum, how long had the debt to run I 

37. If the discount on £678 „ Ss., which is due at the end 

Q 
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of a year and a half, be £38 „ 8^., what is the rate per cent, 
of Simple Interest ? (S.-H., 2 Jan. 1855). 

38. A certain sum of money ought to have £20 „ 16«. 
allowed as 8 months' interest on it: but a bill for the same sum 
due 8 months hence at the same rate of interest, should have 
£20 only allowed ofif as discount in consideration of present 
payment. Required the sum and the rate per cent per 
annum. 

39. Prove that the difference between the interest and 
the discount on a given sum for a given time is equal to the 
interest on the discount for the same time. (Ch. Coll, Dec. 
1863). 

40. If interest be reckoned at 4^ per cent, per annum, and 
I accept £40 as present payment for £42 „ 8«., for how long a 
|>eriod was this discounted 1 

41. If £5 be allowed as discount off a bill of £125, due a 
certain time hence, what would be the discount allowed off, if 
tiie bill had twice as long to run 1 

Supposing Compound Interest to be allowed, what then 
would be tiie answer to the above question 1 

42. If £98 were accepted in present payment of £128, due 
some time hence, what should be the proper discount off a bill 
of £128 which has only half the time to run ? 

Solve the above question, allowing Compound Interest. 



§ 105. As a supplement to the rule of discount and present 
worth, we may add a few examples in a rule called the Equor 
Hon of payments. In the method of calculation which is 
adopted in Arithmetic to find the Equated time, as it is called, 
that is, the exact time at which several debts due at different 
times should be i)aid in one Rum, it is usual to reckon interest 
as equivalent to discount. By this method a rough approxi- 
mation only is obtained, and the rule is accordingly of little 
practical utility. In Algebra more exact methods are given. 
The Arithmetical process will be understood from the follow- 
ing examples : 

Ex. 1. Find t?ie equated time qf payment qf £700 due 
15 months hence, and £500 due 9 months hence. 

The rule in Arithmetic is as follows : 

^'Multiply each debt by the time hence it is due; add 
'* these results; and divide them by the sum of the various 
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^'debte; the quotient is the time hence at which the whole 

Therefore 700 x 15 -f 500 x 9 

700+600 

_ 10500 •♦•4500 
1200 

_ 16000 

1200 
__ 150 

12 
» 12j^ months. 

Ex. 2. JFhat would be the present value of t?ie foUotoing 
OiUg, supposed to he due at the equated time, viz. £260 due 
6 months hence, £490 due 15 mrmths hence, and £1860 due 
1 J m,onths hence; it being agreed that interest shall be calcu- 
lated at 4 per cent, f 

The equated time will be 

250 X 6 + 490 xl5-f 1860 X- 
3 

250 + 490 + 1 860 
= ^260 + 7350 + 3100 

2600 
= ^^700 
2(>00 

^117 
26 

= 4j months. 

We have now to determine the present worth of £2600, duo 
4i^ months hence at 4 per cent 

9 1.3 



Hence ^iT^^=rH; 



lOli : 2600 :: 100 : Ans., 

203 . 
2' >< -«nt. = 2600 X 100, 

-4«*. =2600 X 100 X-™ 
520000 



203 

= £2661„12#.„6ffljV. 

Q2 
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EXERCISB XIX 

1. If £20a be due one year hence, and jCIOO be due two 
years hence, find the equated time of one payment, allowing 
interest at the rate of 5 per cent, per annum. 

2. If £760 be due 13 months hence, and £440 be due 
8 months hence; what is the equated time of payment? 

3. What is the equated time of payment of the following 
bills: £400 due in 2^ years, £500 due in 1} years, and £300 
due in 9 months ? 

4. If £450 be due 16 months hence, and £250 be due 
13^ months hence; find the preseiit worUi of the whole sum 
supposed to be due at the equated time, interest being at 
4 per ceni 



CHAPTER XVL 



STOCfKS. 

§ 106. It is often necessary for the Government of a 
country to borrow money, in order to carry on expensive wars, 
supply any sudden deficiency, &c. A loan is then contracted, 
and the Government borrowing pledges the credit of the 
country to pay a certain fixed rate of Interest on the entire 
sum borrowed, until such time as the debt may be paid ofL 
Now all such loans, contracted by any Government whether 
English or Foreign, are called generically ^* Funds f* and we 
speak of the holders of such loans as having money in the 
^' -Funds," or in the ** Public Funds.*' But to any consolidated 
fand, whether a Government loan or a joint-stock company's 
capital, the word ^* Stock" is applied, and the purchase of 
*^ Stock " means simply buying some portion of the total loan 
or capital 

Railway Companies, and others, as soon as their " shares ** 
are fully paid up, may, and generally do, convert them into 
^ Stock,*' so as to admit of the transfer of any amount, from 
20s, upwards. As long as the capital remains in " shares" it 
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is only possible to deal in multiples of the amount at which 
each share stands, inasmuch as these cannot be divided: 
hence the convenience of conversion into Stock. 

In explaining a transaction in the Public Funds, let as 
suppose that Government, being in want of money, proposes to 
give 4 per cent per annum for the money they borrow. If A 
should lend ;£100 to the Government, he would receive £2 
every half-year ; these half-yearly dividends, as they are called, 
forming together a pNorpetual annuity of M paid to him out of 
the public revenues. But if A wanted to be repaid his prin- 
cipal, he could not demand from Government £100 ; because 
they only agreed to pay interest, but named no time when the 
principal would bo paid off. A however is at liberty to 
transfer his claim to any other person : he would therefore sell 
his stock to the highest bidder in the money market: but if 
money at this time should be more scarce, and so valuable as 
generally to fetch 5 per cent in other investments, it is clear 
that nobody would give him £100 cash for the right of getting 
£4 per annum: no one would consent to receive 4 per cent for 
his money if he could get 5 per cent A must therefore lower 
his price, and his £100 stock would sell for somewhat less 
than £100 cash. It is therefore necessary to remember the 
difference between money in the funds ^ and ready cash; 
indeed £100 in the funds is usually a very different thing from 
£100 ready cash. 

When the stocks are said to be selling at a certain rate, 
{e,g, at 95,) this means that £100 stock is selling for j£95 cash. 

Different loans are called the 3 per cents., the 3^ per cents., 
the 4 per cents., &c. according to the rate of interest agreed 
on at the time of borrowing. 

When a person is said to invest so much money in the 
funds, this means that he takes so much ca>shy and buys with it 
as much stock as he can at the current market price. On the 
contrary, selling out is selling his stock for as much cash as it 
will produce at the market price of the day. 

The income that a man possesses by holding so much stock 
can be computed at once by simple interest : i, e. by multiply- 
ing the stock (which is the principal) by the rate per cent, and 
dividing by 100. The income however derived from investing 
so much cash in any stock will depend upon the price of the 
stock at the time of purchase ; for government x)ays interest on 
the stock held, and therefore the more stock that can bo 
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Loagbt for an j sum, (or the cheaper the stock), the greater in 
proportioii is the income produced. 

When the state of the money market is soch that £100 of any 
stodL is worth £l(H> cash, then that kind of stodL is said to be 
at par. If the rate of interest be high, and money plentifal, 
it is possible that ^£100 stock may be worth mare than ^£100 
cash, and the stock is said to be aboYe par. The flnctnation 
in the price of stock is not caused by any yariation in the rate 
of interett which is paid; that is fixed,, once for all, at the 
time the money is borrowed; and Gk>yemment continnes to 
pay this settled rate of interest on every £100 stock, by whom- 
soeyer it may be held. Commercial and political changes at 
home and abroad, the state of trade, the prospect of the 
haryesty inyestments in railway shares, and other speculations, 
all affisct the yalae of money and the price of the Funds. 

All questions in the rule depend upon the principles of 
Proportion; the subjoined examples contain the commonest 
forms in which questions occur ; it must howeyer be premised 
that, unless expressly required in the question, no account is 
taken of brokerage or commission, stamps or transfer fees. 
The ordinary practice of brokerage is explained below, at ex- 
ample 12. 

Ex. 1. WJua quantity of ttock can he bought (U 92 for 
£27600 ? 

In other words, if £92 cash will buy 100 stock, what stock 
will £27600 cash purchase 7 

cash cash stock stock 

92 : 27600 :: 100 : Ans^ 
92x^n*.=27600xl00, 
. 27600 X 100 

^"^^ 92~ 

=30000 stock. 
Ex. 2. What money toUl be obtained by the eale qf 7800, 
3 per cent, stocky at 89 ? 

That is, if 100 stock obtain £89 cash, what will 7800 stock 
obtain ? ^ ^ ^ ^ 

cash cash stock stock 

89 : Am, :: 100 : 7800, 
100 x^n^.s 89x7800, 
.4«#. = 89x78 

= £6942 cash. 
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Ex. 3. jIjT ^£11040 he invested in the 3 per cents, at 92, 
trhai quanUtg of stock will he Obtained by the investment f 
And what annual income ttill he derived f 



CMh itodc stock 

92 : 11040 :: 100 : Ans^ 

^iii.x 92= 11040x100, 

. 11040x100 
AnM.= ^^— 

= 120x100 

= 12000 stock. 

Next, for the income, find the Simple Interest on j£ 12009 
at 3^ per cent, i.e. moltiplj 12000 bj ^ and diyide by 100. 

^ 7 1 

Hence 12000 x ^ x —- = X420, 

2 100 ' 

the interest required. 

Ex. 4. What income wiU he derived from the investment 
qf £29400 in the 4 per cents, at 98 ? 

It is not necessary to find the quantity of stock held, unless 
it is expressly asked for. Bat since every jC98 we inyest bays 
;glOO stock, and every XlOO stock pays £4 annually as interest^ 
we may say that every ^£98 inyested yields an annual income 
of £4. And of coarse j£29400 invested yields an income pn>- 
portionably huger. Hence 

CMh CMh inoooM fnonmo 

98 : 29400 :: 4 : Ans., 

^n«.x 98=29400x4, 

. 29400x4 
^'"•=—98— 

= 300x4 

=^£1200. 

Ex. 5. Bought stock in the 3^ per cents, at 87| ; fvhat 
was the real rate per cent, obtained by the investment/ 

In other words, if every £S7i cash invested produce £31 
per annum, what would ;£100 cash so invested produce ? 

87} : 100 :: ^ : Ans,^ 
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^x^n*. = 100x^y, 



Arts. 


= 100x 

_100 
"■ 25 


^x 2 
2 175 




=4 per 


cent. 



Ex. 6. When ths funds are at 75, how much stock must 
he sold out to realise £125 ? 

That is, if the sale of £\m stock realises JC75 oadi, how 
much stock must he sold to realise ill 25 cash? 

cash cash stock stock 

75 : 125 :: 100 : Ans^ 
-4w*. X 75 = 125 X 100, 

. 125x100 

^^"•=—75- 

5 X 10 
3 

^600 
3 
:= 166$ stock. 

Ex. 7. What price are the funds at when a person buys 
iSUO stock for ;fi401 „ 13*. „ 4rf.? 

cash cash stock stock 

Ans. : 401| :: 100 : 500, 

ion;; 

Ans. X 600 = ^ - X 100, 
o 

. 1205 1 

^^• = -3-^5 

^241 

3 

=80^ price of stock. 

Ex. 8. The interest on a certain sum in the 4 per cents, 
tras allotted to accumulate for 14 years^ simple interest only 
being reckoned. At the end of that time the principal and 
interest amounted to ;£1326 ; what was the original sum in 
the funds f 
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In 14 yeara £100 would amount, at 4 per cent simple 
interest, to i£156. Hence 

100 : Am, :: 156 : 1326, 

uli4«.x 156 = 1326 X 100, 

. 1326x100 

^'"•^ 156- 

_221 X 100 
"■ "" 2i) 

221 X 60 
" 13 ~ 
= 17 x60 
=850 stock. 

Ex. 9. IVhich is the more adrantageoM stock to invest 
til, the 3 pa* cents, at 80, or tfie 3} per cents, at 98 ? 

We must find in each case the real rate of interest per 
cent., and compare the results. 

First Uien, if £80 invested yields £3, wliat will £100 so 
invested yield ? 

80 : 100 :: 3 : Ans,^ 

8x^h«.b10x3 

J 30 
Ans,--^^- 

= 3} percent 

Next, if 98 yields 3}, what will £100 yield ? 

* 98 : 100 :: 3} : Ans,^ 

7 
^IM. X 98 = 100 X-, 

./ifw. = 60x7x — 

50 
"l4 

25 
"7 
-■3f percent 

The first investment yields interest at 3} per cent, the 
second at 3f per cent, and comparing these fhustions, ».«. re- 
ducing them to equivalent fractions having a common donomi- 
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nator, we see thai the rates become 3|} and 3|f ; and therefore 
the fint inTeatment would be the more advantageou. 

Ex. 1(1 A per$<m tra/Mferred X16500 ttock from the 
Z per eenti. at90,to the 3} per eente. at 99. Required what 
quantity qf the loiter stock he held, and what aUeratiou wag 
made in hie income. 

What Is meant bj a transfer of stock is this ; that a person 
possessed of a certain quantity of one kind of stock, being 
either dissatisfied with the secority, or m hopes of improring 
his income, sells that stock at the cnrrent market price, and 
invests all the cash so obtained in the porchase of another 
kind of stock ; he may thus improye his annual income, or 
may be content with a smaller income if he oonsidav he has 
better security. 

In the case supposed the person held at fint ^£16500 stock 
in the 3 per cents.; from which his income was 

16500x3x — , or X495. 

He then sold this stock at 90, obtaining for it cash ; 

CMh eish itodc itodc 

90 : An$. :: 100 : 16500, 
Am. X 100 = 90 X 16500, 
^n«. = 14850 cash. 

He now inrests this 14850 cash at 99, purchasing with it 
stock; 

CMh caah ttodc itock 

99 : 14850 :: 100 : Ane., 

Ani.x99-l4S50xlQ0 

= 150 X 100 

==15000 stock* 

But the income from this stock is 

1 */vy«./v 15 1 „- 16 

15000 X "4 >< io5» <» 75 X ^ , 

or £562^. 

Hence he held ^£15000 of the latter kind of stodt; and in- 
creased his annual income by £&J „ lOs, 

Ex. 11. A person holding ;£4400 <\fthe 6 per cents. Turkish 
loan, distrusting the security, sold out at 91|, and invested in 
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tfie Engliah 3 per oenti* at 88. By how much did thii 
diminish hie income f 

In the last example we ezhibitei the entire proceM of 
selling; out of Okie kind of stock, and buying into another. But 
the process may be shortened by considering that the quantity 
of stock held will be greater or loss according as the price is 
lower or higher; thus in the given case clearly more of the 
Bnglish stock will be held than of the Turkish ; also tho quan- 
tity of English stock will be greater than that of Turkish, in the 
»ame ratio that the price of the Turkish is greater than tho 
price of the English. Hence, making one statement, we may 
say 

Xng. itock Turk, itock prioo of Turk, pric* or Eng. 
Arte. : 4400 :: 91} ; 88, 



^n*x88 = 4400x?^^, 

4 

Ani,mUOOxZ67x 
86700 



1^ 

88 



8 
s4587} English stock. 

But income deriyed fh)m tho Turkish 6 per cents, was 

4400 x6Xj^, or £264; 
while income derived from tho English 8 per cents, is 
4687J X 8 X — , or is £137 „ 0*. „ Od. 

Hence his income will bo diminished by £126 „ I9i» „ Sd, 

Ex. 12. W/Mt will be the cost cf purchasing £7?0 
RtMiian 5 per cents, at 91 1, commission at ^ per cent, being 
cJtargedf also if 1 sell out again when the price has risen to 
03}, (brokerage being also cMrged in this case,) what do I gain 
by the transaction? 

The purchase or sale of stock is generally effected by moans 
of a Stock-Broker, who is paid a certain per centage on all 
the itock that passes through his hands ^ 

1 This is the niual praotloe in all transaoiions in OovemnMnt 
Funds, whether British or Foreign. But upon other kinds of Htook, 
Muob at the Guaranteed Indian Railway Btooks, ko, th« brokerage is 
obarged upon the proceeds, and not upon the amount bought or sold. 
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This cominission of hrokercLge, as it is called, is generally 
2«. „ Qd^ or ^ of £lf on every 100 stock which is bought or 
sold. 

Hence in buying stock when commission is charged, the 
current price of every 100 stock will be increased by }. On 
the contrary, in telling stock, the current price will be 
diminished by | when brokerage is chained. 

In the example given, when brokerage is charged, every 
£100 stock vrill cost the purchaser the market price of 91^ 
t^tu } for the broker : hence the cost will be altogether 91}. 
Ther^ore 

cash cMh itodc atodc 

9l| : Afis. :: 100 : 720, 

;.4«#.>c 100=^x720, 
o 

.4n*. = 733x90x.-r 

6597 
10 
= £659 „ Us. 

Next, the £720 stock was sold at 93| minus i for the 
broker; i.e. it was sold at 93|. Therefore 

caih cash 

93i : Ans. :: 100 : 720, 
-4n*.xl00=?^x720, 

4 

. .4w*. =375x180 X — 

=£675. 

Hence £675 - £659 „ 14#. = £15 „ 6*. = the gain on the 
transaction. 

Ex. 13. A person having to pay £1045 two pears hence, 
invested a certain sum in the 3 per cent, consols to accu- 
fnulate interest until tJie debt be paid, and also an equal 
sum the next year ; supposing the investments to be made 
when consols are at 73, and the price to remain the same, 
what must be the sum invested on each occasion that there 
may be just sufficient to pay the debt al the proper time f 
(a-H., Jan. 1, 1861). 

On the hypothesis that the first year's interest will be in- 
Tested in stock, and no allowance be made for brokerage, let 
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us BuppoBe that S represents the sam first mvested, then 
eyery X73 invested will give £Z interest; 

therefore £l — interest; 

therefore £S, =r ^interest; 

3 3 3 

andtheinterest»or;£— ^ =^ x —^interest. 

So that at the end of 2 years there was in hand the first 

3 
inyestment and its 2 years' interest, or ^+2 x -^S; there was 

the interest on the first year's interest which had been in- 

9 
vested, or ^^; there was a second investment of AS'and ono 

3 
year's interest on it, or S+ i^^JS, AlV>gother there was 

9 9 

ZS-^-^JS-^ ^^S to meet the debt of 1046; therefore 

11324 
--^-1045, 

'^■" 11324 ''•'•^-^ 

= l9V^^2^ 
=491t{f. 

Ex. 14. Xf the 3 per cents, he <U 95 and the Govemtnent 
offer to receive tenders for a loan (j/'j€5000000,- the lender to re- 
ceive Jive millions in the 3 per cents, together toith a certain 
sum in the Z^ per cents,, whcU sum in the Z^ per cents, 
ought the lender to accept f (S.-H., Jan* 4, 1853). 

First determine what is the money value of five millions, 
3 per cent stock, which the lender is to take. 

Now 100 : 5000000 :: 95 : Ans,^ 

^92«. = 95x50000 

=4760000. 

The lender will therefore still want stock to represent a money 
value of 250000 ; and he is to take it in 3^ per cents. 
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So if the 3 per oenta are at 95^ we must flad the price of 
tlie 3^ per oenta. at the same rate of interest 

3:3^*:: 95 : An9^ 

^fi#. = — x95x- 
4 u 

_ 1235 

" 12 

= 102H 

The qoestioD therefore is, how much stock, at 102{{, is an 
eqniTalent for J8250000 cash % 

100 : AfiM. :: 102}| : 250000, 

w4ii#. X ^^ = 26000000, 

12 
^ii#.:= 25000000 X 



1235 

=24291}}^ stock, 
or 24291^ nearly. 

§ 107. From these examples it will be seen that all goyem- 
ment secorities may be looked npon as stock, divided, for the 
oonyenieDoe of transfer, into shares of jglOO each ; although if 
needful any such share might be subdivided, and any portion 
of it bought and sold. The Stock of Railway and other Com- 
panies is usually divided into Debenture, or Preference, or 
Guaranteed Stock, which pays (like government securities,) a 
fixed rate of interest ; and ordinary or open stock, or shares, in 
whidi the rate of interest fluctuates according to the profits. 
Hence we generally speak of Railway "' Stock ;" but we may 
speak of ^' Shares " in relation to Banks, Mines, and the like ; 
since these, being seldom paid up in fiill, cannot be consoli- 
dated into Stock. 

Hence any question about Railway Stock, or Mining Shares, 
would properly fall under the rule we are considering. 

And it is upon the princii^es which have been illustrated in 
the foregoing examples that all the statements made daily in 
the Newspapen concerning the Money Market, the Railway, 
Mining, and other shares, are to be explained : for instance, to 
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explain at length Bueh a quotation as the ibUowing from the 
Timet of November 29th, 1866 : 

'* Consols opened this morning at a fresh decline of an 
eighth, and ultimately experienced a fruther &11. The first 
bargains were at 89| to i, and the last at 89^ to |. For the 
7th of December the final quotation was 87} to 88 ex divi- 
dend." This means that on the morning of the day in question 
a £100 sliare in the English funds, or consolidated debt of the 
Nation, was selling for 2f . 6c/. or | of a pound iea than the 
day before. That the first actual sales effected were at prices 
ranging from 89} to 89|, (i,e, H9\) ; but before the business of 
tlie day closed, the price fell again to 89} (or 89^), or ranged 
from that to 89f . Next, as of course shortly btfare a dividend 
is paid, a share would be more valuable, and immediately after 
one has been paid, would be iea valuable, the market price of 
a share for the 7th of December, i.e, what a person would give 
now for a share to be transferred to liim on that day, was 
quoted at 87|, or in some cases at 88 ; a share purchased for 
that date being ** ex dividend," or not entitling the purchaser 
to receive the half year's dividend of £l „ I0«. payable on 
6th January, 1866. 

Again, in the same article we read, " Bank Stock left off at 
248 to 250 ; India 5 per cents 106 to ^ ; Exchequer bills, March, 
es. to 28, discount** This means that Bank of England Stock 
was looked on as so good a security and paid so high a rate of 
interest, that a share was selling for from ;£248 to £260 ; and 
tliat a £100 share of the debt of the Indian Government, 
which paid 6 per cent, was selling for fh>m £106 to Xl06|. 
Exchequer bills are bills issued under the authority of Pariia- 
ment for sums varying from £100 to £1000 ; and they form the 
principal part of the imfUnded or fioating debt of the country. 
They bear interest at so much per diem for each £100. In the 
war at the commencement of the present century the interest 
was 3^. per cent, per diem, which ^ras £6 „ Be. „ 6}</. per cent 
per annum. The rate of interest was afterwards reduced to 
2d, per diem, or £3 „ 0«. „ lOd. per cent, per annimi. Besides 
the fact of bearing interest, they are convenient to purchasers 
because they pass from hand to hand without any formal 
transfer, and because option is periodically given to the holders 
to be paid their amount at par, or to exchange them for new 
bills to which the same advantage is extended. When they 
boar in the market a price above their actual value, say 9«- per 
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cent., they are said to be at 9«. premium; when they bear a 
price in the market below their actual yalue, they are said to 
be at so much discount; as in the passage quoted. Exchequer 
bills due in March, were selling at from 6«. to 2f. less per 
cent, than the sum which the Government was pledged to 
pay ; i,e. for a bill of ^'100 the sum paid in the market would 
be from X99 „ Us. to j£99 „ \Ss. 

The quotations made in the Newspapers concerning shares 
in Railways and Mines are all to be explained on the foregoing 
principles. 

Ex. 15. A person Jias 500 ordinary Stock in the Great 
Eastern Railway^ and 800 Preference Stock in the South 
Western : the first of which paid a dividend at the rate of If, 
and the latter of 4: per cent. Having sold these at 48 and 95 
respectively, he invested half the money in the Cape Copper 
Mine, wliere tlie ^£24 share, paying interest at 6 per c&rU^ 
was at £6 premium; and the other half i^ ^ JoiiU Stock 
Bank; what rate of interest ought he to receive from, the 
Bank, in order to increase his income by £9 „ IQs. yearly f 

His original income from 500 Stock paying 1} per cent, 
and 800 Stock paying 4 per cent, was £40 „ 15«. 

By selling the 500 Stock at 48, and the 800 Stock at 95, he 
realized £1000. Of this he invests £500 in the Cape Copper 
Mine, being entitled, at 6 per cent, to receive £l^ on each 
£24 share, but giving £30 for every such share. Hence 

£30 : £500 :: IH • ^^^^^ 

30x^n». = 500 X ~, 

25 

-4«*.=20x36x — 

=24, income. 

He has now £500 to invest in the Joint Stock Bank ; and 

from the interest derived from that investment together ivitli 

the £24 produced by the copper mine, he is to make up his 

income from £40 „ \bs. to £50 „ hs. Pie must therefore obtaia 

£26 „ bs. from the investment in the Bank ; what is the rate 

per cent. ? 

500 : 100 :: 26j : Ans.^ 



V 
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4 



= 5j percent. 

EXBROISB XX. 

1. How much stock at 93 can be bought for £1581 ? 

2. By the sale of 1600 stock at SQ}, what money was 
produced ? 

3. By inyesting XlOOO in the 3 per cents, at 92}, what 
annual income is produced ? 

4. A person invested ;£1500 in the 3 per cent, stock at 
88| ; what was the amount of his half-yearly dividends ? 

5. When the 3 per cents, are at ?•'>, what amount must be 
invested to produce an income of £120 per annum' ? 

6. At what rate per cent will a person receive interest, 
who mvests his capital in tlie 3 per cents, at 91? 

7. A person transfers £3000 from the 4 per cents, at 90 
to the 3 per cents, at 72 ; find how much of the latter stock he 
will hold, and the alteration made in his income. 

8. If a person be loft a third share in a legacy of £3195, 
and invest his share in the 3 per cents, at R8i» what would bo 
the amount of his dividend each half-year ? 

9. A invests £1000 in the 3 per cents, at 84, B the same 
sum it) tlio 4 per conts. at 110 ; find the difference between 
their respective incomes. 

10. How much money must be invested in the 3 per 
cents, at 84 to produce an annual income of £150 7 

11. How much must a person invest in the 3 per cents, at 
2)0 j, in order to secure a half-yearly dividend of £50 ? 

12. What is the real rate of interest obtamed by investing 
in the 3 per cents, at 93 ? 

13. How much stock in the 3 per cents, must be bought 
when the funds are at 88^, in order that by selling out when 
they are at 90|, twenty guineas may be gained ? 

14. What is the actual value of a bequest of £2000 in the 
3 per cents., if sold out when the funds are at 92}, supposmg 
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that a legacj duty of 10 per cent, has to be paid on the money 
realised? 

15. When the 3 per cents, are at 90|, and the 3^ per 
cents, at 97|, in which may capital foe invested to the greater 
advantage ? 

16. The 3 per cent, stock is at 98| ; what then ought to 
be the price given for the 3^ per cents., so as to produce 
exactly the same rate of interest 1 

17. What income can be derived from the sum of ;£1000, 
by investing it in the 3 per cent consols, when the price of 
;£100 stock is 88^ ? 

18. If £3714 „ 199. be laid out in purchasing 3 per cent, 
stock at 95^, what annual income would be derived from this ? 
and would it be more or less advantageous to invest in the 3^ 
per cent, at 97^ ? 

19. If a man invested £1000 in the 3 per cent, stock at 
90, and sold out when it rose to £100, and then invested the 
siun he received in 3^ per cent stock at 105 ; find the income 
he will receive at last 

20. A person sells out £1250 stock of 3 per cent consols 
when the funds are at 96, and invests the proceeds in Railway 
stock at 75, paying an annual dividend of 2^ per cent ; what \a 
his increase of income ? 

21. A Banker invests money in the 3 per cents, when they 
are at 93f , and at the end of 5 months, after receiving half-a- 
year's dividend, sells out at 94^ ; how much percent per annum 
does he make by the transaction ? 

22. A person finds that if he invests a certain sum in the 
shares of a Mine, paying a dividend of £6 per share, when the 
£100 share is at £132, he will obtain £lO „ I6e. a year more 
for his money than if he invest in 3 per cent, consols at 93. 
What sum had he to invest ? 

23. A person having £10000 in the 3 per cents., sells out 
when they are at 65, and invests the produce in the 4 per cents, 
at 82^. Find the change in his income. 

24. How much money must a man invest in the 3 per cent 
consols when they are 10 per cent, below par, that he may 
e^joy a dividend of a thousand a year 7 

25. If I buy £1000 stock in the new Italian loan at 84J, 
and sell out when the price has fallen to 78|, how much do I 
lose by the transaction 1 
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26. Calculate the difference in income produced by the 
investment of ^£1580 in the 3 per cents, at 87^, and in the 3^ 
per cents, at 98. 

27. How much stock at 99{ can be purchased bj selling 
out i£1400 of a different stock which is at 95 ? 

28. A person having £5600 in the Sj- per cents., sells out 
at 93, and invests the proceeds in a stock which pays 5 per 
cent, and is at 110} ; required the alteration in his income. 

29. A person investing in the 3^ per cents, pays } for 
brokerage and obtains 4 per cent, on his money. At what 
price does he buy in ? 

30. On a certain quantity of stock the imclaimed dividends 
amounted in 7 years to ;£616 : if 2 J were the rate of interest 
which the stock paid^ and if when claimed the stock were sold 
at 81 1 ; find what sum it realised. 

31. A person invests ;£4470 in the 3 per cent, consols at 
93 ; what amount of stock does he receive, allowing for com- 
mission 2«. „ 6d. per cent on the stock purchased ? And what 
income will be derived from the investment, after deducting an 
iucome-tax of 16 pence in the pound ? 

32. How much would a person increase or diminish his 
income by selling £1157 stock in the 3 per cents, at 83|, and 
purchasing into the S^ per cents, at 90^^ ? 

33. A person invests £1500 in the 3 per cents, when they 
are at 96}, what is his annual income therefrom ? If he sell out 
at 94, what will be his loss, the broker's commission being in 
each transaction IQs. per cent. ? 

34. What sum must a person invest in the 3 per cents, at 
90, in order that by selling out £1000 stock, when they have 
risen to 93^, and the remainder when they have fallen to 
84^, he may gain £6 „ 5s. by the transaction ? If he invest 
the produce in 4 per cents, at par, what will be the difference 
in his income ? , 

35. A person sells out of the 3 per cent, consols at 91}, 
and buys in again when they have fallen 2^ per cent What 
difference will tliis make in his income, if he now possesses 
£800 stock ? 

36. A person buys 800 stock in the 3 per cents, at 85, and 
500 more at 97 ; how much per cent will he realise on his 
outhiy, after paying an income-tax at 4d, in the pound ? 

b2 
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37. If the 3 per cents, give 3 per cent clear, after paying 
an income-tax at 9d, in the pound, what must be the price of 
the 3 per cents. ? 

38. Shew that the rate of interest obtained by investing 
in the Dutch 2^ per cents, at 87^ is to that obtained by in- 
vesting in the Russian 3^ per cents, at 94^, in the ratio of 
18 : 25. 

39. How much stock at 88 must be sold out, in order to 
pay immediately a bill of £913, due 9 months hence, allowing 5 
per cent, simple interest ? 

40t( One company guarantees to pay 5 per cent, on shares 
of ;£I00 each ; another guarantees at the rate of 4f per cent, 
on shares of £7 „ 10^. each ; the price of the former is 
j£124 „ 10^., and of the latter £S „ 10^. ; compare the rates of 
interest which the shares return to purchasers. 

41. When the French 3 per cents, are at 69 francs „ 45 
centimes, and the English 3 per cents, are at 87|, compare the 
rates of interest obtained by investments made in France and 
iix England. 

42. How much stock in the French 3 per cents will 
£351 „ 109. purchase, £1 being reckoned equivalent to 25*2 
francs, and the French stock being at 70'3 1 



CHAPTER XVII. 



EXCHANGE. 

§ 108. By the rule of Exchange we are to find what 
amount of thft money of one country will pay a debt in the 
money of another country: 

International trade is carried on by exporting from one 
country the articles produced in it, and importing from other 
countries the articles of commerce produced by them ; but in 
order to facilitate the transmission of money to pay for. the 
goods imported. Merchants have devised a scheme of drawing 
upon one another by bills of exchange; which may be ex- 
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plained to be written orders, addressed by one person to 
another, directing the latter to pay on account of the former to 
some third person a certain sum of money at a specified 
time. These bills are negotiable, and are transferred from 
hand to hand. 

Kow as different countries make use of different coinp, 
containing different weights of pure metal, and consequently 
differing in value, the first thing the merchant would require 
to know would be th.e actual amount of pure gold and puro 
silver contained in the several coins of the various countries 
with which he traded ; he then could reckon how many of the 
coins of any foreign country would be an exact equivalent for 
a certain number of the coins of his own country. If for 
instance it be known that the English sovereign is exactly 
equivalent to 4*87 American gold dollars, or, what is the same 
thing, that 100 sovereigns are equivalent to 487 gold dollars, 
this establishes what is called the par qf exchange between 
England and America. But if one country makes use of gold 
for its standard, as England does, and another country makes 
use of silver^ it is impossible to fix an invariable par ; because 
as the market price of silver varies, the value of foreign silver 
coins fluctuates, while the silver coin of England will possess 
a conventional value, independent of the market price of silver. 
Notwithstanding this, it is usual among Merchants to assume 
a par qf exchange as actually existing between their own and 
each of the countries with which they trade; and this is 
arrived at by taking the average value of the currency of 
these various countries. 

Whenever one country takes an excess of imports over 
exports, the balance of trade is against that coantry ; and as 
it can only pay for part of the goods taken by goods exported, 
it must pay for the remaining part by bills of exchange ob- 
tained from some other country, and for which a premium 
must be paid. Thus an excess of importation causes exchange 
to advance against the importing coimtry. When this occurs, 
the real exchange, or the course qf exchange, as it is called, 
rises above par. There is however a limit beyond which this 
rise cannot advance ; for as a debt to a foreign country can 
be liquidated by the transmission of bullion as well as by a 
bill of exchange, whenever the exportation of bullion becomes 
the cheaper method, the demand for bills of exchange will 
cease. 
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From this it will be seen that while by the par of exchange 
we know what sum of money of one country is actually an 
equivalent to a given amount of the money of another country, 
by the course of exchange "we find what sum would, in point of 
fact^ be allowed for it at the current market price. 

After a bill falls due, it is customary to allow a short time 
for the requisite sum to be provided, and a certain number 
of days of grace are granted ; thus, in England a period of 
three days is allowed to elapse after a bill is actually due, 
before it is legally due. 

§ 109. In the following examples, the method of perform- 
ing operations by the rule of exchange will be explained : 

Ex. ]. jy* the course of exchange between Paris and 
London he at 25*5 francs per pound sterling, what is the 
value in British money qf a d^t qf 2703 francs^ 51 cen- 
times f 

£ £ 
25*5 : 2703*61 :: 1 : Ans,, 

-4it*.x 25*5=2703*51, 

^n«.B 10602 

= £106 „ Os, „ ^d. 

Ex. 2. Find the value in Portuguese money qf £226 „ 2^., 
exchange being 6s. „ 9d, English per milree. 

[In Portugal 1000 rees=l milree,'] 

(5i-r20) : 226tV :: 1 : -4tw, 



»•» 



23 , 2261 

'*^'" 10 ^23 

^ 18088 
23 

= 786-4347, &a 

= 786 milrees „ 434*7, &c. rees. 

§ 110. Sometimes the course of exchange may be such, 
that it is more advantageous to the Merchant to draw not 
directly* but indirectly through one or more intermediate 
places. The following questions will illustrate the nature of 
such transactions. 
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Ex. 3. When the course qf exchange hettoeen London 
and Paris is 9\d, per francy and 3*63 francs are equivalent 
to 1 Prussian thaler ^ and 24*5 thalers to 34 Austrian Jhrins, 
and 25 Austrian Jlorins to 12 '6 Venetian ducats ^^if a Lon- 
don Merchant owe to one in Venice 1000 ducats^ will it be 
more advantageous to remit by way of Paris, Berlin, and 
Vienna, or direct to Venice, supposing a ducat to be equi- 
valent to 4«. „ 2d. 1 

4s, „ 2d, =50 pence. 

Therefore if he remitted directly, he would remit 60000 
pence. 

But remitting circuitously through Paris, Berlin, and 
Vienna, we have the following proportions: writing for the 
unknown number of Austrian florins AF, of Prussian thalers 
PT, of francs Fr, and x for the required number of pence. 

Smce 12-6 ducats =25 AF; 

25 
therefore 1 ducat =7^^ AF, 

Similarly, since 

34^iP=24-5Pr; 

therefore 1 AF=^ PT. 

Also lPr=3-63Pr, 

and 1 Pr=9*5 pence. 

25 
Now as 1 ducat =^2:^ AF, 

t^^^ J t 1000x25 .„ 
1000 ducats = -,.- — AF 

12 6 

1000x25x24-5 p^ 
12-6 X 34 

1000 X 25 X 24-5 X 3*63 



12-6 X 34 

1000 X 25 X 24-5 x 3'63 x 9*5 
= i2^6^r34 P^^^^ 

1000 X 25 X 24-5 x 121 x 9*5 
= l^m P"^^ 

7040687-5 

= -i4?8rP^~ 

=49304*5, &C. pence. 
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Hence x^ the required nnmb^ of pence, is the difference 
be^eoi 50000 pence and 49304*5 pence, i,e. ;rs 695*5 pence, 
or J2 ,9 17f. y, W\i^ wfaidi is the sum that he gains by re- 
mitting circniUnuly. 

Ex. 4. **■ Twenty braccia qf Brescia are equal to 26 
braccia q/" Mantua^ and 28 qf Mantua to 20 qf Rimini ; 
what number qf braccia qf Brescia correspond to 39 of 
Rimini r 

Writing B for tiie braccia of Bresda, 

M Mantua, 

R Riminiy 



we hare 


30 22=28 Jf; 


therefore 


lR=f^M. 
30 


Also 


26 J/=20i?; 


therefore 


13.=!^. 


Now since 


»*=S^' 


tlierefore 


^n=%^M 



39x28x20 p 
"30x26 

_ 3x28x2 „ 
3x2 

= 28^, 
Or, the required number of braccia of Brescia is 28. 

Ex. 6. 1/ the par qf exchange be 4s. „ 2d, English for 
the American dollar^ but if an American bill of exchange 
for 540 dollars be negotiated in London for il04; how 
much per cenU is the course of exchange below the par qf 
exchanged 

At par 540 dollars would be equivalent to 540 x 4^ shillings, 
or to 2250 shillings, or to ^11 2^. 

But at the current course of exchange only ^104 was 

paid; hence 

104 : 112-5 :: a i 100, 
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112-6 xar= 10400, 
a? =92-4, 
and 100-92*1 = Tt = 7f per cent. 

§ 111. In some coontries where the coin in circulation is 
much dipped, Merchants transact their dealings with other 
nations and keep their bank accounts in what thoy call banco^ 
which may be defined to be money as it ought to he; and 
the difference between banco> or money as it ought to be, 
and the current coinage, or money <u it is, is chilled o^io; 
which is in fact the per centage by which the dipped coin is 
depreciated. 

Ex. 6. Convert 1886 florins „ 6 stivers ,, 12 pennings 
current coinage into banco, agio being 3| per cent, 
[16 pennings = 1 stiver , 20 stivers^ 1 florin,^ 

103-5 : 100 :: 1886*2875 : Ans., 
103'5 X Ans,= 1S862S75, 

, 1886287-5 

^'"^-loas- 

= 1822-5 

» 1822 florins „ 10 stivers. 

EXSBGISB XXI. 

1. How many florins, &c., will be paid in Amsterdam for 
a bill of JS1718 „ 2s. received from London, when the course 
of exchange is 11 florins „ 10 stivers for £1 English ? 

2. What sum in London will be paid for a bill of 17694 
francs „ 22 centimes, when the exdiange is at 24 francs „ 10 
centimes per pound 

3. What is the course of exchange per milree between 
Lisbon and London, when 4536 milrees are drawn at Lisbon 
for an English biU of ^945 ? 

4. What is the agio when 861 florins ^18 kreutzers 
currency are equivalent to 805 florins banco ? 

[60 kreutser8=l florin.] 

6. ** Eight soidi of Venice are equal to 13 of Ferrara, and 
16 of Ferrara are equal to 9 of Bologna, and 12 of Bologna 
aro equal to 16 of Pisa, and 24 of I^sa are equal to 32 of 
Genoa ; it is required to find what number of Venetian scfldi 
correspond to 300 of Genoa.** 
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6. ''Six eggs are worth 10 danari, and 12 danari are 
worth 4 thmaheSy and 5 thrushes are worth 3 quails, and 
8 qnails are worth 4 pigeons, and 9 pigeons are worth 2 
capons, and 6 o^wns are worth a ttaro of wheat; how many 
^ggs are worth 4 ttara of wheat 1*' 

7. When the direct exchange between London and Lisbon 
is 44 pence per mihree, and 340 niflrees are due to an l^ngimh 
merchant, how much would he lose or gain if, instead of being 
remitted directly, it was remitted as follows : from Lisbon to 
Venice at 96 milrees per 100 ducats ; from Venice to Cadiz 
at 1 ducat per 320 maravedies; firom Cadiz to Paris at 80 
maravedies per franc; and from Paris to London 25 francs 
per £1 sterling ? 



CHAPTER XVIIL 
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§ 112. The p(nnt to be considered in all questions in this 
rule is not the actual gain on each article sold, but the ffcUn 
which every ^£100 outlaid upon such articles would bring in. 
For this is what a tradesman requires to know, viz. the rate 
per cent, at which he is employing his money ; he can then 
determine whether it would be more profitaUe to lower the 
price of his goods in order to obtain larger custom and quicker 
returns ; or whether he should raise the price of everything 
he sells. But in either case he will lower or raise the price 
in proportion to the cost price, and will not add the tame sum 
to the price of every article he has to sell, irrespectively of 
what he gave for it. 

It is a common mistake to suppose that in trade the gain 
per cent, means the gain made by selling an hundred artidee ; 
whereas, we repeat, it is the gain which ^£100, outlaid upon 
such articles, would bring in. 

Again, it is a fallacy to suppose, because the actual gain 
on each article sold may be higher in one case than another, 
that this must necessarily be the most profitable trade. When 
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one man buys clay pipes for a farthing each, and sells them 
for a half-penny each, although he gains only a farthing on 
each pipe sold, yet he doubles the capital he employs, or gains 
cent, per cent ; whereas should another buy meerschaum pipes 
for a pound apiece and sell them for a guinea, he gains a 
shilling on each pipe ; and yet as he only gains one shilling 
on every twenty outlaid, this is hxiijive per cent, and his trade 
is not nearly so good as the other man's. 

The things necessary to be considered by the trader are 
the prime cost or cost price, that is, the sum originally given 
by liim for the article ; the retail price, or selling price, that 
is, the sum at which he determines to sell it ; and the gain or 
loss per cent, which he will make or incur by this. 

Besides these points, the trader will have in practice to 
consider the loss of interest on capital lying idle in the interval 
between the wholesale purchase, and the retail sale ; this, to 
a trader working with borrowed capital, would be a very im- 
portant consideration ; and so in some cases would the Depre- 
ciation and the Waste which must be allowed for. But these 
are details not often introduced into the theoretical questions 
given ; and in general it will be only necessary to remember 
the following proportions, viz. : 

cost price : retail price ;: 100 : 100+ gain per cent, 

or cost price : retail price :: 100 : 100 —loss per cent, 

for from these we shall be able to determine the term which 
is unknown, as will be illustrated in the following examples : 

Ex. 1. Bought an article for £\fi ; vohaJt must I sell it 
at to gain 40 per cent, f 

cost price retail price 

15 : Ans, :: 100 : 140, 

^n«.xl00«15xl40, 

15x140 



Ans,=^ 



100 
£21. 



Ex. 2. What teas the cost price qfan article tehich when 
sold for £90 realised a gain of 20 per cent, f 

ooet price retail price 

Ans. : 90 :: 100 : 120, 
120 x^n<. = 90x100, 
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. 90x10 

^£75. 

Ex. 3. Whenltell/or £t& „ At, good$for which I give 
£15 „ I5s., ichat is the gain per cent f 

In this case the unknown term is not the answer, bnt is 
100+ the gain, where the* gain is the answer. We state 
therefore 

15| : 25| :: 100 : x, 

«3 126 ,^ 

--x«=— -xlOO, 

;r=-xlOOx-^ 

= 160. 
Ilence 160- 100 =60= the required gain per cent 

We might have arrived at the same result thus : from 
£25 „ 48. deduct the prime cost ^15 „ I5s. The difference, 
£9 „ 9$., is the gain made upon the outlay of ;£15 ,, 15«. 
What would ;£100 outlaid on the same terms bring in ? 

15| : 100 :: 9^ : Ans,, 

. 63 ,._ 189 
-4«#.x-- = 100x — , 

A .«A 189 4 
^n#. = 100x — x- 

= 60, the gain -per cent. 

Ex. A.Ifby selling goods at £\Z „ 6*. „ 8rf. per ewt, a 
loss <if 20 per cent, was sustained; what was the prime cost/ 

Ans, : 13} :: 100 : 80, 

40 
80x^n#.=-r-xl00, 
«s 

J 40 ,^^ 1 
^n#.= g-xl00x- 

" 3 

= 16*; 

tlierefore J16 ,, 13#. „ 4d. the prime cost. 
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£x. 5. If a tradetman gain 5s. „ Sd, on an article which 
he setts for 22«.^ what does he gain per cent on his oiUlayf 

By selling for 22#. he gains 5s, ^ 6d. ; therefore he gave 
22*. -(5*. „ 6d.)y or 16*. „ ed. 

16^ : 22 :: 100 : a, 

33 
-5-^^=22x100, 

a:=22xl00x — 

_ 2x 100x2 
3 
400 
" 3 

= 133i ; 
therefore 33} is the gain per cent. 

Ex. 6, The cost price of a cask cf wine containing 36 
gallons was j£42 ; to this a merchant added 3 gallons qf 
water; at what price per gallon must he sell t/ie mixture hi 
order to gain 30 per cent f 

He sold 39 gallons, which cost him ^£42, at a gain of 30 per 
cent; therefore 

42 : « :: 100 : 130, 

10 xa? = 13x42, 

13x21 
6 * 

and each gallon cost -- of this sum; therefore 
1 ^ 13x21 „ 7 ^^^ _g J ^ g^ ^^ py.^^ p^j. ^ovL, 

Ex. 7. By selling Jlour at th^ rate of 3*. „ 5^d, per sttme, 
a dealer gained 4 per cent, on his outlay. How much per 
cent, would he lose if he sold it at 3s, 1^. per stone / 

We might in this case find first the prime cost ; and when 
we had found this (which is 3*. „ 4^.) we might tlien hy a 
second statement find the loss by selling at 3*. „ 1^. But it 
will be sufficient to make one statement only, if we bear iu 
mind the following proportion : 
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t __^ 

Price when he gains : price what he loses :: 100 + the 
gain per cent. : 100 — the loss per cent 

3f . ^ 52^. : 3f. „ 1^^ :: 104 : x^ 

3T^xa?=3Jxl04, 

52 25 ,^^ 
-^=-xl04, 

25 ,^^ 15 

= 93i; 
therefore 6^ is the loss per cent 

Ex. 8. A merchant sells 72 quarters cf com at a profit of 
8 per cent, and 37 quarters at a profit of 12 per cent.; if he 
had sold the tthole at a uniform profit q/* 10 per cent^ he 
would have receifted £2 „ lAs, „ Zd, mare than he aettudly did; 
what was the price he paid for the com f 

The Ans, will be the {Mime cost in shillings of a quarter of 
com. Every ;£100 outlaid in purchasing the 72 quarters would 
bring in 108 ; every ^£100 outlaid in purchasing the 37 quarters 
would bring in 112. So that the sum realised by the sale was 

PTo A 108 OPT ^ 112 
72 X Ans, X -^ + 37 X Ans, x — . 

Had he sold the 109 quarters at 10 per cent profit, he would 
in that case have received 

109x^w*. X-— . 

But this was greater than the sum actually received by M^x. 
Hence 

109 x^72«. X rrr^ - f 72 x^«*. X — +37 x^n*. x wx5] = 54i, 

/109xll 72x27 37x28\ . _2l7 
V~10"" 25 25~y^'**"X' 

7 ^«, 217 

. 217 10 
^iw.=--- X -=- 

4 7 

^310 

4 
= 77#. „Gcf. 
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Ex. 9. If a grocer retails his sugar so that he charges 
for every 8 l\)s, the exact sum which he paid for every 9 lbs., 
what wiU he his gain per cent.? 

The buying price of 1 lb. : the selling price of 1 lb. :: 8 : 9; 

therefore 8 : 9 :: 100 : ^, 

8j? = 900, 

a?«112j; 

therefore 12^ is the gain per cent 

Ex. 10. A merchant buys tea at 2s. „ 3d. alb, and same 
at 3s. „ Gd. a lb.; in what proportion must he mix (hem, so 
that by selling the mixture at 4s. a lb. he may gain 20 per 
cent.? 

As he gains 20 per cent, by selling a lb. of the mixture for 

4s.f suppose ^ to be the prime cost of a lb. of the mixture ; 

then 

a? : 4 :: 100 : 120, 

12;i? = 40, 

x='i\=3s.„4d. 

Now on every lb. of the 2s. „ 3d. t^ that is raised in TaUie 
by mixing U>3s. „ 4d. he gains I3d. 

And on every lb. of the 3s. „ 6d. that is depreciated in value 
by mixing to 3s. „ Ad. he loses 2d. ; 

Therefore on 2 lbs. of the cheaper tea his gain is equivalent 
to his loss on 13 lbs. of the dearer tea. 

Or he must mix them in the ratio of 2 : 13. 

Ex. 11. By selling 4 dozen cigars for I3s. it was found 

3 

tluUrrztliS of the money outlaid was gained; what ought the 

retail price per cigar to have been, in order to have gained 
60 per cent, f 

First, we can find the prime cost of the 48 cigars, which, 

3 
when sold for 13^.^ brought in the prime cost pliu jr of the 

13 
prime cost^ i. e. brought in - of the prime cost ; for if 

— of prune cost= 13^., 
prime cost = 10^. 
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Next, 108. : ;i? :: 100 : 160, 

100 x;l?= 10x160, 
a?=16*. ; 

therefore price per cigar is — ^tt — or 4d, 

EXEBCISE XXII. 

1. Bought articles for 15^. each ; what must I sell them at 
to gain 60 per cent. ? 

2. "What was the retail price of an article which cost 10^., 
and when sold realised a profit of 10 per cent ? 

3. Bought a horse for £12, and sold it for ;£84 ; what was 
the gain per cent. ? 

4. I bought a pipe for 17^. 6d,, coloured it, and sold it to 
a friend for 288. ; he tired of it and sold it again for a guinea ; 
how much per cent, did I gain and he lose? 

5. If a grocer buys tea at 48. per lb., and sells it at 
48. „ Sd.f what is his gain per cent ? 

6. If 25 yards of butter cost 30»., what is the gain per 
cent, by retailing it at 5^d. per foot ? 

7. A grocer mixes equal quantities of teas which cost him 
3^. „ Sd. and 4; . „ 4d. respectively ; what must be the selling 
price of the mixture, in order that he may gain 15 per cent on 
his outlay ? 

8. A tradesman finds that if he asks for his goods 15 per 
cent, above the prime cost, he can sell his whole stock in 
4 months ; whereas, if he asks 20 per cent, he requires 6 months 
to sell the same amount; which will he find the more pro- 
fitable system at the year's end ? 

9. A merchant has teas worth 6^. and Z8. „ 6d. per lb. 
respectively, which he mixes in the proportion of 2 lbs. of tlie 
latter to one of the former ; how much per cent will he gain 
or lose by selling the mixture at 48. „ 6d. per lb. ? 

10. If a 38-gallon cask of wine cost a merchant ^25, and 
ho loses 8 gallons by leakage, how must he sell the remainder 
per gallon in order to gain 10 per cent upon his outlay ? 

11. Bought 2 tons „ 3 cwt. „ 3 qrs. of sugar for £96 ; 
freight and other expenses amoimted to £4 „ 3«. „ 4d.; what 
must be the retail price per lb. to gain 50 per cent ? 
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2 

12. If by selling tracts at *Js, per thousand, ths of the 

money outlaid in purchasing them was cleared, find, when 
afterwards the price was raised to Ss, ,, 6d. per thousand^ what 
was tlie gain per cent, at the increased price. 

13. A grocer buys some tea at 4«. a pound, and some at 
5«. fi 6d,; in what proportion must he mix them, that when he 
sells the tea at 6«. per pound he may be making a profit of 20 
per cent. 7 

14. A com factor buys 2 quarters of wheat at 49«. per 
quarter, and 7 bushels at 7s. per bushel; at what rate per 
bushel must he sell the mixture so as to gain 5 per cent by 
the transaction 1 

16. A person buys some tea at 6«. per lb., and also some 
at 4$. per lb. ; in what proportion must he mix them so that 
by selling the mixture at 5^. „ 3d, per lb., he may be gaining at 
the rate of 20 per cent ? 

16. A merchant buys 1260 quarters of com ; one-fifth of 
which he sells at a gain of 6 per cent., one-third at a gain of 
8 per cent., and the remainder at a gain of 12 per cent. If he 
had sold the whole at a gain of 10 per oent., he would have 
obtained £22 „ I3s. more ; what was the prime cost per 
quarter ? (S.-H., Jan. 1856). 

17. If 100 lbs. of tea be bought for 4g, „ 4d, a pound and 
sold at 5«., and 100 lbs. of sugar be bought at 6d. and sold at 
7d., what profit per cent will be rodized on the outlay ? 
(S.-H., Jan. 6, 1852). 

18. A wine merchant buys 12 dozen port at 84;. per dozen, 
and 60 dozen more at 4Ss, per dozen ; he mixes them and sells 
at 128. per dozen ; what profit per cent, does he realize on his 
outlay i (S.-U., Jan. 3, 1860). 

19. A tradesman bought rice at £2 „ 2$. „ 6d. per cwt., 
and finding it damaged sold it at a loss of 7 per cent ; what 
did he sell it at per lb. ? 

20. An article is sold for £1 „ Si. „ lOfd. at a loss of 5 per 
cent ; at what price should it have been sold to gain 5 per 
cent ? 

21. If by selling sugar at 6rf. per lb. 10 per cent, be 
gained ; what would be the gain or loss per cent by selling it 

at 6id. ? 

8 
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22. If a corn dealer by selling 52 qnarten of oats for 
£S9 „69.f,Sd. lose 10 per cent, what ought to haye been the 
price per bushel in order to haye gained 8 per cent.? 

23. A merchant bought wines at 30#^ 40«^ and 50t. per 
dozen ;. these he mixes in the ratio of 5, 4, 3 ; and sold the 
mixture at 57«. „ 6d. p^ dosen ; what did he gain per cent ? 

24. If wine which in Qermxaj cost a thaler (3f .) the bot- 
tle, after paying a duty that is 40 per cent on its prime cost 
be sold in Engkad for 72f, the dozoi, what is the merchant's 
gain per cent 

25. If the price of goods be 35 florins ^ 5 cents „ 4 mils 
per cwt, and they be retailed at 8^ pw lb., find (in pounds) 
the gain per cent 

26. Bought 1000 cigairs abroad for £3 „ 15f . ; paid an ad 
yalorem duty of 120 per cent; what must be the retail price 
per dgar to dear a profit of 4Sj^ per cent, on the entire 
outkiy ? 

27. A man liaring bought a lot of goods for /1 50, sells 
one-third at a loss of 4 per cent. ; if he then sold the remainder 
so as not only to cover his loss, but a]f>o to clear £6 on the 
whole transaction, what was the gain per cent on the money 
originally outbiid ? 

28. A person buys 400 yards of silk for ^80, and sells 300 
yards at 5#. „ 6d. a yard, and the rest, which is damaged, at 
2#* a yard ; find how much per cent, he gains or loses* 

29. A person sells a piano at a loss of 4 per cent on the 
cost price ; had he sold it for £A „ 10#. more he would have 
gained 5 per cent ; what was the prime cost of the piano 7 

30. If a person by selling an article for S», „ Zd. lose 17| 
per cent, iriiat should he have sold it for, to gain 40 per cent i 

31. A merchant sells 49 quarters of com at a profit of 7 
per cent, and 84 quarters at a profit of 11 per cent ; and if he 
had sold it all at a profit of 9 per cent, he would have reoeiyed 
£2 r, 10«. „ 9d. less than he actually did ; what was the price he 
|iaid for the com ? 

32. A person sold 72 yards of doth for ^8 „ 14f.; his 
profit being the cost of 11-52 yards, how much did he gain per 
cent. ? 

33. A markeirwoman in the morning sells her butter at 
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15 per cent profit: in the afternoon the price rises a penny 
per lb., and she makes 20 per cent, profit ; what did her butter 
cost her ? % 

34. If a costermonger sells his cabbages so as to get for 
four what he x)aid for five, what is his gain per cent. ? 

35. Supposing a tradesman wishes to make 20 per cent, 
profit on his outlay, how many lbs. of tea must he have bought 
for the price which he charges for 5 lbs. ? 

36. The cost of the labour on a farm in a certain year is 
£610 : the rent and the othei; expenses amount to ;£950, and 
in that year the return is only just equal to the expenditure : 
find the amount which must be paid for labour in the next 
year in order that if the return be better in the ratio of 5 : 3, 
and the rent be lowered £50y the farmer may gain 38} per 
cent, on his whole outlay for the two years. 

37. If Tibs, of tea bought with 6 months' credit cost as 
much as 8lbs. paid for with ready money, and if, when no 
credit was given, the tradesman was gaining 2lf per cent, 
at what rate per cent above the prime cost was he charging 
when he gave credit 1 

38. A tradesman marks his goods with two priced, one for 
ready money, the other for one year's credit, allowing, as he 
says, discount Now if the credit price of a certain article be 
£lSf and the cash price £\2 „ 10«., and if the tradesman has 
marked the credit price at 24 per cent above what he gave 
for it, what is his gain per cent at the cash price ? 



CHAPTER XIX. 

DUODECIMALS, OR CROS0 MlTLTIPLICATtON. 

§ 113. Cross Multiplication is the method of computing 
how many superficial or square feet there may be in any sur- 
face ; or how many solid or cubic feet there may be in any solid 
body. 

Here each foot is divided into 12 equal parts called primei, 
each prime into 12 equal parts called teconds, each second 
into 12 equal parts called thirds, and so on. And it must be 
remembered that a prime is the twelfth part of a foot, whether 
the foot be linear, square, or cubic : in linear measure, since 

82 
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an inch is r^ of a foot^ a prime and an inch will mean the 
same thing : but in square measore an inch ia — of a square 

foot, and in adne measore an inch is irrrz- of a cubic foot : and 
^ 1728 

therefore a prime (which is always r^ of a foot) will be a yery^ 

different thing from an inch in square and cubic measure. 

[Ohs, In the actual use of duodecimals the Builder never 
distinguishes between ''primes^" ^seconds," &c All his 
quantities are entered as **feet,*' ''inches," and ''parts,'* whe- 
ther they be linear, superficial, or cubic. And though he 
knows that this is not stricUy correct, he adopts it as conye- 
nient ; for he understands by the word ^ incli," as he uses it, 
only the twelfth part of the integral dimension, and by ^ part^" 
the 144th part. Besides, in squaring ixp he never goes beyond 
the ^ part,'' or 144th of the foot ; as it would be needless to be 
more exact than this ; indeed the " part " is usually thrown out, 
except in the addition of a large number of small items in such 
expensive work as gilding, or the like.] 

§ 114. When any line is divided into feet, primes, seconds, 
&c. we observe that all the denominations are connected by 
the same number, riz. 12 ; or, that they decrease in a twelve- 
fold ratio, from the place of feet towards the right hand. 

Hence the process is often called duodecimal multiplica- 
tion ; but this name cannot be properly applied to it, because 
the different digits of the various denominations are not con- 
nected with each other by the number 12, though the deno- 
minations themselves are. 

Thus the system is often found to be confusing ; and it is 
further obscured in practice by the incorrect names given, as 
above mentioned, to the denominations of "inches" and 
"parts." Indeed it may be questioned whether "cross mul- 
tiplication" ought not to be banished from treatises which 
profess to treat Arithmetic on scientific principles, and regu- 
lar "duodecimal multiplication" be introduced in its place. 
However, as the ordinary process is that almost universally 
adopted in the computations of artificers, it may be the most 
practical course first to explain the principles upon which it 
depends; and afterwards to investigate the more scientific 
method. We will accordingly proceed to explain the process 
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commonly employed to calculate superficial areas, and solid 
contents. 

§ 116. A square yard, a square footy a square inch, mean 
respectively a square each side qf which measures a yard, 
afoot, or an inch. Similarly a cubic yard, foot, or inch is a 
solid contained by six equal squares, each side of which 
measures a yard, foot, or inch. 

§ 116. We can compute the number of square feet, &c. 
contained in any rectangular parallelogram, if we multiply the 
feet, inches, &c. in one of its sides by the feet, inches, &c in 
the adj)iceut side. Similarly the content of a solid is obtained 
by multiplying together its length, breadth, and thickness. 

Although the rule for finding the area of a rectangle is 
commonly given in some such short and compendious form as 
this, it is nevertheless important to observe that, when so 
stated, it is in a very abbreviated form ; we should be more 
correct if we said ** multiply together the nimiber of linear 
units in the two sides ; the result is the number of squaro 
units (that is, squares on the linear unit) in the rectangle.'* 
When without any explanation it is nakedly stated that *' feet 
into feet give square feet," or, what is the same thing, that 
''the product of the adjacent sides of a rectangle is the area,'' 
the misapprehension is very often produced on the learner's 
mind that it is possible for two lines to be multiplied together, 
and that a rectangular figure is the product ; as well might 
he imagine that it would be possible to multiply together ten 
shillings and seven yards of silk, and obtain as a product 
seventy shillings. It is true that, at ten shillings a yard, seven 
yards of silk would cost as many shillings as there are units 
in 10 X 7 ; and a rectangle, whose sides are ten and seven feet, 
contains as many square feet as there are units in 10 x 7 ; but 
ten feet can no more be multiplied by seven feet than ten 
shillings by seven yards. 

A good deal of this confusion arises from the two-fold sense 
in which the word square is used ; in Geometry, a square is 
a four-sided figure having all its sides equal and all its angles 
right angles ; in Arithmetic, it signifies the number produced 
by multiplying a number by itself. A square therefore de- 
scribed upon a line 5 inches long will be a rectangle 6 inches 
in length and 5 inches in width ; and if this contain 25 square 
inches, the operation of multiplying 5 into 6 will be the 
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AxidDiBetic of findiiig; the eoofteBt of & aqnaie 5 inches long^ 
and 5 indm wide. 

We may now go oa to exphlD haw the am of amp rect- 
angle may be obtained if we know the length of ito two adea. 
If aa the EuperAdal unit we diooee a aqnare whose aide is 
eqnal to the nnit nacd in measuring lei^;th (say an indi], we 
may immediately tdl how many times and parts of a time the 
giren rectangle contains the aasomed miit. Measure one side 
and see how often it contains the miit of length (the indi) ; 
suppose it contains it 3^ times ; measore the other side, and 
suppose it eontains it 4^ times ; then the p!odoct of these 
two, viz. 

' " "* orl4i. 



2''4' 



or 



8 



is the number of timet wkieh the rectangle to ite measured 
cmUainM the equare {utumed as ths unit. Tins is what is 
meant when we say that the area of any rectangle may be 
foimd by multiplying together the mute of length in two of 
ite adjacent sides; and the correctness of the resolt may be 
shown by the annexed diagram : 

1 2 3 4 i 



to 



Cd 



-' * 



i l^^ 



1 



1 

8 



^ 



kH 



^1 2 3 4 i 

The whole rectangle is divided into 12 rectangles, marked 
«ach equal to the nnit of superficial measurement^ i.e, each 
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I , L ■■ ■ ' - I -*- JLJ I 

of which is a square inch; four rectangles at the bottom 
marked - , each of which is half of a square inch ; three 

rectangles at the side^ marked - , each of which is a quarter 

of a sqoftre inch ; and one rectangle, marked - , which is (me- 

eighth of a square inch ; hence on the whole we have, in the 
large rectangle, the square inch repeated 

4 3 1 
12 + ^ 4- - + - times, or 14 J times. 

2 4 8 * 

After this explanation we may adopt the practical rule for 
measuring any surface, and multiplying the two sides of any 
rectangle together may call the product the area. But it 
would help us to avoid misconceptions if while we spoke of 
the square qf a number, we always spoke of the square mi 
a line. 

The observations regarding square measure apply, mutatis 
mutandis, to cubic measure. 

§ 117. Having premised thus much, when practically ap- 
plying the rule of cross-multiplication, remember that 

feet X feet give square feet ; e.g. 

2 feet X 2 feet = 4 square feet, 
feet X primes give primes ; e.g. 



2 
2 feetx j2f«ot= 


4 
12 


=4', 


feet X seconds give seconds ; e.g. 






2 feetx rTifeet= 

144 


4 
144 


=4", 


primes x primes give seconds ; e^g. 






^2 feetx ^2^6*- 


4 
144 


=4", 


primes x seconds give thirds ; e,g. 






-Veetx T77^eet= 
12 144 


4 
1728 


=4'", 


seconds x seconds give fourths ; e^g 


• 




144^^"*^ 144^^*=! 


4 
20736 


=4"", 
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seconds x thirds give fifths ; e.g, 
2 . 2 . 



It may be a help to the memory here to observe tbat^ as 
in Algebra when we multiply together powers of like quan- 
tities, we €uid the indices, so in this cross multiplicatiou, by 
adding together the denominations of the factors, primes and 
seconds, seconds and thirds, &c., we obtain the correct de- 
nomination of the product: thus 3^'x2^=6^'^, (multiply and 
add the indices), 

Ex. 1. Find the area of a parallelogram whose sides 
measure 6 feet „ 3 inches and ^feet „ 9 incites. 



5 


w 


3' 






4 


»» 


9' 






21 


M 


if 






3 


»> 


IV 


>» 


r 


24 


»> 


ir 


» 


r 



Commencing with 4 feet, the highest denomination in the 
multiplier, we multiply by it 3 primes, the lowest denomina- 
tion in the multiplicand : now 4 feet x 3 primes =12 primes ; 
but 12 primes =1 foot, therefore set down in the place of 
primes, and carry one, to the place of feet ; 4 feet x 5 feet = 20 
feet, and adding the one carried, we get 21 feet. Next 
multiplying by the other term in the multiplier, we have 
9 primes X 3 primes =27 seconds: but these, on dividing by 
12, are found to equal 2 primes and 3 seconds : write 3'^ one 
place to the right hand, which is the place of seconds, and 
carry 2 to the place of primes: then 9 primes x 5 feet =45 
primes ; and adding the 2 carried, we get 47 primes, which, 
on dividing by 12, equals 3 feet and 11 primes. Add these 
results, and we obtain, as the area, 24 square feet, 11 primes, 
3 seconds. 

If it be re(|uired to turn the primes and seconds into 
sqwtre inches, we have 

11 3 132^ 3 135 ,^^ . , 

-- + -— = -—-+ ■' = , =135 square mches ; 

12 144 144 144 144 ^ 

(a result which may be practically obtained by multiplying the 
primes by 12, and adding in the seconds) ; Uierefore the area 
is 24 square feet 135 square inches. 
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Ex. 2. Required the solid content qf a cube^ each side qf 
which measures 2 feet „ 9 inches. 

2„9' 



2 


n 


9' 








5 


3t 


6' 




2 


9t 


(/ 


99 


9" 




7 


$9 


6' 


99 


9" 




2 


«• 


9' 








15 


99 


1' 


99 


6" 




5 


99 


8' 


99 


C',, 


9'" 



20 „ 9' ,. 6- „ 9"' 
Therefore the required solid contains 20 cubic feet „ 9 
primes „ 6 seconds „ 9 thirds. 

To convert this resul t into cubic feet and cubic inches, we have 

12 144 1728 1728 "^ 1728 "^ 1728 "" 1728 ' 

(a result i^hich practically may be obtained by multiplying 

the primes by 144, the seconds by 12, and adding to the sum 

of tiiese the thirds); therefore 20 cubic feet „ 1377 cubic 

inches, would be the accurate result 

[This result a Builder would probably enter as 20 cubic 

9 1 
feet „ 9| inches, meaning by that ,a + ^ o^ & cubic foot^ and 

intentionally omitting the fraction signified by 9''\ He would 
however most likely obtain his result by writing 2 ft. „ 9 in. 
as 2*75, finding from a table of cubes that the cube of 275 was 
20786875 ; and then taking, as suflBdently accurate for prao- 
tioal purposes, 20*78, &c as equivalent to 20|.] 

Ex. 3. Required area of a square, whose sides measure 
1 feet „ Si ins. 

7„8'„ 9" 

7„8'„ 9" 



54 


19 


r 


» 


3" 










5 


19 


r 


» 


10'' 


» 


0'" 










5' 


» 


9" 


99 

99 




99 


9"" 


59 


» 


8' 


99 


10" 


9"" 



Here 8' „ lO'' equal 106 square inches, and 6f'' „ 9''" are 

fi 9 81 9 

--and —^ of a square inch; or are — yOi'vg of a square inch. 

Hence 69 square feet 106^ square inches. Ans. 
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§ 118. We will now proceed to explain the duodedmal 
scale of notation, and multiplication in ** duodedmais'' proper. 

We haye already stated (Chap, l § 10, 12) that it was only 
by a perfectly arbitrary anrangement that 10 was fixed upon 
as the base or radix of the ordinary scale of notation ; and 
that the duodecimal scale, with 12 for the base, would present 
some peculiar advantages. Among other advantages it would 
considerably simplify all calculations connected with superficial 
areas. Before however we advance further, we must first ex- 
plain how numbers may be written in any scale ; and thenhow 
they may be transferred from one scale to another. 

It will be easy to trace thai in the common scale, where 
the radix is 10, the number 54321 might be written as 
1+ 2 X 10 + 3 X 10* + 4 X 10* + 5 X 10*; but if 12 were the 
radix, then the same figures 54321 would mean a number 
which might be written 1 +2 x 12 + 3 x 12*+4 x 12* + 6 x 12*. 

Now assuming that 54321 were such a number in the duo- 
decimal scale, it might be converted into the denary or decimal 
scale as follows: 

6 X 12*= 5 X 20736 = 103680 

4xl2»=4x 1728= 6912 

3xl2"=3x 144= 432 

2'x 12= 24 

1= 1 

111049 

Next conversely, if the number 111049 written in the denary 
scale be divided by 12, and that quotient again divided by 12, 
and so on till the quotient is arrived at, we shall exactly 
reverie the above operation, and shall obtain remainders 
which will represent the digits of the number in the duodecimal 
scale: thus 

12 1 111049 



12 9254 - 1 
12 



771-2 



12 



64-3 



12 I 6 - 4 

0-5 

Where the true values of the remainders (cf. § 29, pages 29, 30) 
are 6xl2*+4xl2'+3xl2*+2xl2 + l; and from them we 
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Mcordingly obtain the number 54321 expressed in the duo- 
dednal scale. 

In a fiisiilar manner we could transform a number written 
in any one scale to any other scale ; for instance, let it be re- 
quired to transform tlie number 4532 from a scale whose base 
is 7 to one whose base is 9. 

4532 in the septenary scale = 4x 7*+5 x 7*+3 x 7 + 2 

a4x343 + 5x49-f3x7 + 2 
= 1372 4-245 + 21 + 2 
= 1640, in the denary scale ; 

and dividing the number 1640 by 9, and the result by 9, and 
so on, to transform it into a number in the scale whose radix 
is 9, we have 

9 1 1640 



182 - 2 



20-2 



9 

9|2-2 

0-2 

whence 2222 is the number in the scale whose base is 9. 

It would have been quite possible to have transferred the 
given number cU once from one scale to the other ^; but to 
avoid the operation of division in scales to which we are not 
accustomed, it will generally be the easiest plan first to trans- 
form the given number into the ordinary decimal scale, and 
then to transfer the result into the required scale. 



^ The direct operation would stand aa follows : 

9 I 4582 



9 I 350 - 2 

9 I 26 - 2 

9 |_2^- 2 

0-2 

[9 is contained in (4 x 7 + 5), or in 83, 3 times, and 6 sevens over; 

9 is contained in (6x7 + 3), or In 45, 5 times, and over ; 

9 is contained in (0+2), times, and 2 over. 
Second line: 

9 is contained in (8 x 7 + 5), or in 26, 2 times, and 8 sevens 
over; 

9 is contained in (8 x 7 + 0), or in 56, 6 times, and 2 over. 
Third line : 9 is contained in (2 x 7 + 6), or in 20, twice and 2 over. 
Fourth line : 9 is contained in 2 units, times, and 2 over.] 
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Having so far explained the general principle by means of 
wliich we may transform a number from any one scale to 
another, we shall, in what follows, limit ourselves to the decimal 
and duodecimal scales. In working in the duodecimal scale, 
however, it is obvious that we shall require two new symbols 
for the numbers ten and eleven; and for these it is eustomary 
to use the letters t and e. 

Let us now explain the method of strict duodecimal multi- 
plication ; and in doing so, we will at the same time compare 
the process with that of ordinary ^ cross multiplication." 

Ex. 4. Let it be required to find the area of a rectangle 
217 feet „ 3^ inches long, and 153 feet „ 7^ inches broad. 

First we transform the numbers 217 and 153 into the duo- 
decimal scale. 

12 1 217 12 1 153 



12 1 18 - 1 12 1 12 - 9 • 

12 1 1 - 6 12 1 1 - 

0-1 0-1 

Hence the numbers are 161, 109 ; and to these we append the 
3 inches and O-twelfths, and the 7 inches and 3-twelfth8, with 
a ^t^odecimal point before them ; we have therefore to multiply 
161*36 by 109*73: the operation is performed by saying 
"3 times 6, eighteen; twelves in 18, one, and 6 over;" set 
down six, and carry 1 : '^ 3 times 3, nine; and 1 carried, ten ;" 
set down t^ and carry nothing : and so on, dividing each time 
by 12, instead of by 10 : 

161*36 
109-73 



463 ^6 
^690 6 
116«76 
161360 

17394- f«46 

And in order to re-transfer 17394*^^46 into square feet and 
square inches expressed in the denary scale, in practice we 
write (multiplying by 12, and adding in the next figure). 
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17394'f t 46 
12 12 12 

19 130 54 
12 

"231 

-Jl , 54 3 

2781 *"^ 144 = 8- 

12 

113376 
Hence 33376 sq. feet „ 130| sq. inches is the required r.rea. 

Performing the operation by cross-multiplication, and 
setting down ail the figures used in the same exact manner, 
we have 

217,, 3',, 6" 

153 „ r„ r 

33246,, 7',, 6" 
126,, 9',, 0"„ 6"' 
4„ 6^, 3" „ 10^^%, 6^^^^ 

33376 „ l(y „ 10" „ 4''' „ 6"" 
12 I 918 

76-6 12 1 1521 

459 ~126"- 9 

I2H35 



44-7 12 I 651 

651 I2TM - 3 

1085 ^ — 

217 ^""'* 

33245 

AVhere the result represents 33376 sq. feet -f 10 rectangles 

1 ft long and 1 inch wide + 10 sq. inches + 4 rectangles 

1 1 

1 inch long and r^ inch wide + 6 squares -rr» ^^^ ^^^S ^^ 

i« 12 

inch wide ; and this result, consisting of alternate squares 

and oblongs> has to be modified as explained in Exs. 1 and 3^ 
before it can be expressed as square feet and square inches. 

The subjoined examples will further illustrate multiplica- 
tion and diyision in the duododmal scale. 
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Ex. 6. Find the iuperficial area qf a rectangle whose 
iridei are respectively ^feet „ 7| inches, and 27 feet „ 11| 
inches. 

12 I 34_ 12 I 27 

2-t. 2-3. 

2r78 
23'e t 



2 4t 48 
27 90 4 
87 eO 
593 4 

689-4 t 88 
12 12 12 



80 58 104 

12 . 104 13 
*'^l44=18 



969 
Hencd the area is 969 sq. feet ,, 58}| sq. inches. 

Ex. 6. Divide 1622 sq, feet „ 9' „ 9", the area of a Jloor, 
b^ SI feet „ 9 inches, the length qf the side, in order to find 
the width. 

12 1 1532 12 I 81 



12 



127—8 6—9 



10—7 
We have therefore to divide f 78*99 by 69'9. 

69-9)n8-99( 16-9 
39«9 12^ 

5139 18 
00 00 

Whence, expressing the result in the decimal scale, the width 
is 18 ft. >, 9 in. 

§ 119. If notwithstanding the explanations now given, the 
novelty of duodecimal notation should still deter some, as the 
complicatioiis of cross multiplication will probably continue to 
bewilder others, we may yet suggest a method for ordinary 
<;alculations, where parts smaller than the 144th would be 
rejected, which is based upon the principle of taking " aliquot 
})arts," as in the rule of ** Practice ;" the method will be under- 
stood from the following examples: 
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Ex. 7. Multiply 17 ft, „ 3 in. „ epts, hy 12/?. „ 9 in, 

in. 

6 t i 17 „ 3i 



12 



i 



207 „ 6 
8„7f 
4 ,,3} 

220 „ 6| 



This would probably be written by an artificer as ^ 220 sq. ft 
„ 5 in. „ 7ipts. ;*' being in reality 220 sq. ft. „ 67i sq. in. 

Ex. 8. Midtiply 1ft, „ 4 in, „ 9pts. by 9ft, „ 3 in, 

in. 
i 



7„ 


9 


66 „ 
1» 


6i 



68„ 4« 
which result is 68 sq. feet „ 59^ sq. inches. 

■ 

§ 120. We will now add a few general examples^ where the 
cost of certain superficial work is required, besides the area. 

Ex. 9. WJiat is the cost cf a carpet for a room measur- 
ing 16 feet „ 6 inches in breadth, and 20 feet „ 9 inches in 
iengthy at 5s, „ 6d. per yard f 

Writing the numbers in the duodecimal scale, wo have 

14-5 
18-9 



10 3 9 
te4^ 
145 

244- 79 
12 12 



28 
12 

340 



93 



272 DUODECIMALS, OB CBOS8 MULTIPLICATION. 

Therefore 9 square feet : 340|j^ :: 5^ : x ahiUinga, 

16351 11 

16351 11 1 16351x11 
^~ 48 ^ 2 ^§"48x18x20 

= jei0^8#.„l}|K 

N.B. Carpets are sold by the linear yard, but are not 
always a yard wide, as here supposed to be. 

Ex. 10. What wovld he the cost of papering a room qf 
fchich the following are the dimensions : length 24 feet „ 
7 inc/ies; width 20 feet „ 5 inches; height 15 feet; allow for 
three windows^ each II feet „ 9 inches by 2 feet „ 10 inches, 
and for a door 6 feet „ 6 inches. by Zfeet; and suppose the 
paper tobe^iO inches wide and to cost 6d. per yard t 

To obtain the area of the side wall we should multiply the 
length of the room by the height; for the area of the end 
wall we should multiply the width by the height; by doubling 
each of these products we should get the area of the two 
sides and the two end walls ; and by adding together these 
two results we should obtain the whole saperficial area of the 
four walls. But in order to shorten this process, we observe 
that, if we first add together the length and the breadth, 
and multiply the sum by the height, we should obtain the area 
of a space equal to one side and one end wall ; and by doubl- 
ing this we should get the area of the four walls ; hence in 
practice the rule is, add together the length and the breadth, 
multiply the sum by the height, double this result, and we 
have the area of the four walls of the room. Hence, exhibiting 
the process in both methods, we have 



24 „ 7' length 
20 „ 6' breadth 

45 „0 

15 (multiply by height) 

675 
2 (double it) 

1360 area of tho 4 walls. 



20*7 length 
18*5 breadth 

39-0 

13 (multiply by height) 

73 

39_ 

483 
2 (double it) 

946 area of the 4 walls. 
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11 „ 9' 
2 „ 10' 

23 „ r 

33 „ 3' „ 6" 
3 



For the windows 
e' 9 

996 

29 '36 
3 



99 „ 10' „ 6" 
19 „ 6'^ 

4' „ 6" 



119,, 
1300 

1230 „ 



4' „ 6'' 



7'„r .... 

12 

56 

or 1230} sq. foot. 



83 ' <6 area of 3 windows 
17*6 area of door to be adde^ 
96 ' 46 total to bo subtracted. 

946 
96*46 

866 • 76 area to bo paporod ; 
and 8f)6'76 becomes in ihe de- 
nary scale 1230 square feet, witli 

2^1 "^ 144 ' ^^ ^^^^* *^' ^®®*' 

Now a strip of paper 30 inclies, i,e. 2 J feet wide, and 3 feet 

long, although not a square yard, is called a yard, and costs 6<^. 

Therefore 2^x3 : 1230^ :: 6</. : Aiu,, 

5 ^ . 9845 ^ 
-x3x-4«*.- g x6, 

. 984.5 _ 2 1 

An8r-- --- x3x _ X ■ 

4 3 

1979 
- 2 pence 

" £4 „ 2*. „ 0\d, 

N.B. It should be noticed that tho custom is to sell wall 
papers by the *' piece" containing 12 yards. Thus the *' piece" 
at Qd. per yard would have coht 6«. ; and as something over 
13 pieces would have been required, the sum paid would have 
been 14 x 6«., or £\ „ 4a, 

Ex. 1 1. The area qfa rectangular fM ii 1 acre „ 4 poles ,, 
12 yards „ 7 feet^ and one side U 60 yards „ 2 feet; find 
tfte length qfthe otfier side, 

ISiuce length x breadth = aroa, ' 

length =^^^j^. 

44764 
Now 1 acre „ 4poles „ 12yards „ 7feet-— - square yds., 

T 
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ami 



therefore 



152 
60jBrdB„2feets linear jards; 

3 



the length required. 

Ex. 12. GufUer't chain comiaU of 100 linka^ and 10 $quare 
chaint make an acre. What ig the area of a rectangular 
field, whoee nde$ are 78 chaim „ 23 links, and 42 chaine „ 
70 linke reepecUvdy t 

Writing the dimensions in links, we obtain the area bj 
mnltiplying 7823 by 4270, pointing off in the resolt 4 decimal 
places to rednoe it to sqoare chains, and shifting the decimal 
point one place farther to the left^ to bring the sqnare chain 
into the denomination of acres. Thus 

7823 
4270 

547610 
15646 
31292 



33404210 
4 

'1684 
40 



6*736 



whence we obtain 334 ae. „ r. ,, 6| p. (nearly). 

Ex. 13. What ftotdd he the price cf a piece of timber, 
which meaturee in length 10 feet „ finches, in tcidth Ifeet „ 
3 inches, in thickneee 7 inches, at £6 „ 6s. per load of 50 
cubic feet f 

Again performing the operation by both methods, for the 
sake of comparison, we have 



10 „ 4' 
7. 3' 


t'4 
7-3 


72„ 4' 

2„ r„o" 


2 7 
6 4 


74„11' 

r 


6 2'e 

•7 


43 „ o „ 5 
12 


3 7-8 6 
12 12 


101" 


43 101 
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tlierefore 43^2^ cubic feet is the solid content of the piece 
of timber. 

cnb. ft. cub. ft 

60 : 43}ii :: £6i : Ant., 

^^ . 6293 25 
144 4 

. 6293 25 1 

144 4 50 

_6293 
1152 

= ^5„9*. „3^(/. 

Exercise XXIIL 

1. Find^ by duodecimal multiplication ^ the area of a 
rectangle measuring 28 feet „ 9 inches, by 10 feet ^, 10 inches. 

2. What is the area of a floor measuring 22 feet „ 6 in. ,, 
4 pts. in length, and 10 feet ,, 5 in. „ 8 pts. in width ? 

3. What is the content in cubic feet and inches of a 
regular solid, whose dimensions are in length 23 feet „ 10 
inches, in width 18 feet „ 4 inches, and in thickness 11 feet „ 
3 inches ? 

4. What is the superficial area of a rectangle 15 feet „ 
3 primes „ 5 seconds long, and 8 feet „ 4 primes „ 8 seconds 
wide? 

5. The length of a rectangular area is 3 feet „ 7^ inches, 
and the width is 2 feet „ 5^ inches ; find the square feet and 
inches it contains, and its value at 15^. a square foot. 

6. The length of a room is 15 feet, breadth 10 feet, and 
height 9 feet ,, 9 inches ; find the expense of painting the 
walls and ceiling at \8, „ 9d per square yard. 

7* Find the difference of the areas of the floors of two 
rooms, one of which is 12 feet „ 6 inches long, by 10 feet „ 
3 inches, and the other 15 feet „ 8 inches, by 11 feet „ 4 inches. 

8. What length of paper | of a yard wide, will be required 
to coyer a wall 15 feet „ 8 inches long, 11 feet „ 3 inches high \ 

9. How many cubic feet are there in a solid, whose breadth 
is 9 feet „ 3 inches, length 1 1 feet „ 3 inches, and height 3 feet „ 
2 inches ? 

^ Tbe example! given can be worked by duodecimal multiplied' 
tion, or by cross multiplication. 

t2 
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10. Fimd the thicknen ot a solid, whose length is 2 jards, 
breadth a yard an 1 a half, aiid nolid oootent 1 cabic yard „ 
cable feet „ 1296 cubic indies. 

11. Find the breadth of a room, the length of which is 17^ 
feet, and the area 250i feet 

12L What will be the price of carpeting a room 13 
feet „ 4 indies long, and 12 feet „ 6 inches broad, at 4f. „ 6<f. a 
yard, the carpet being a yard wide ? 

13. What will the flooring of a room 16| feet square 
amoont to, at 4f. lO^d. a square yard ? 

14. How much will remain out of 393 square feet of 
carpeting after coYeriiig a floor 23 feet „ 8 inches long, and 
16 feet „ 7 inches broad I 

15. Find the number of square feet in a floor whose 
length is 10§ yards, and breadth 5^ yards ; and the price of 
paving it at 2f. per square yard. 

16. The dimensions of a grass plot are 23 feet „ 8 inches 
in length, and 16 feet „ 7 inches in breadth ; round it a walk 
10 feet wide is constructed, and paved at 1#. 10^. per square 
yard ; what is the cost of the paying ? 

17. There is a court which is 120 feet „ 9 inches square, 
containing a grass-plot in each comer 50 feet square ; the rest 
of the space consists of walks crossing each other at right 
angles, which are paved with flag-stones down the middle of 
them for a width of 6 feet „ 9 inches, and for the remainder 
with pebbles. The flag- stones cost 3#. per square yard and the 
pebbles Is. „ 6d, ; what was the entire cost of the paving ? 

la If 69 yards of carpet, | of a yard wide, will cover a 
room which is 10^ yards long, what is the width of the room 1 

19. What length of carpet that is 3-qnarter8 of a yard 
wide, will cover a room that is 19 feet „ 6 inches long, and 
16 feet „ 9 inches wide ? 

20. Find the number of "pieces" of paper, (12 yards to 
the piece,) the paper being 3 feet „ 6 inches wide, required to 
paper a room 9 yards long, 6 yards wide, and 14 feet high. 

21. What is the cost of flooring a passage 14 feet „ 6 
inches long, 5 feet „ 7 inches broad, at 2$, „ 3^. per yard ? 

22. What would be the cost of carpeting a room 31 ^ feet 
long, and 23| feet wide, at 2g, „ 9d, a yard, the carpet being 
18 inches wide ? 
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2'X Uow many cubical feot of air does a room contain 
which is 19 foot „ 6 iiichos long, 16 foot „ 9 inches wide, and 
10 feet „ 6 inches high ? Also, how much would it cost to 
paper the 4 walls with paper j^ of a yard wide, costing Z^d, 
a yard ? 

24. What is the difference between two areas, one of 
which is 15 yards square, t))e other 15 squ^ure yards 1 

25. A school should contain, according to the Government 
regulations, 80 cubic feet of air for each child. If th^re arc 
150 children in a school 60 feet „ 4 inches long, 18 feet „ 5 
inches wide, and 10 feet „ 6 inches high ; how many would 
there be above the regulation number i 

26. Uow much yard-wide doth will cover a passage whoso 
length is 12 feet „ 6 inches, and breadth 2 feet „ 9 inches? 
and what will it cost at 5«. „ Gd, per yard ? 

27. A surface, measuring 120 feet long by 40 feet wide, is 
ooTcred with iron plating, weighing 21 ti>n „ ISjStlcwt. ; if a 
cubic foot of iron weigh 490 lbs. „ 4 oz., what is the thickness 
of the plating ? 

28. How many square feet of paper will cover the walls 
of a room whose dimensions are 20 feet „ 10 inches by 16 feet 
in breadth, and 10 feet „ 8 inches in height ? 

29. What will the painting of the walls of a room cost 
which is 20^ feet long, 18^ broad, and 10 feet high, containing 
2 windows, whose dimensions are 7 feet by 4 feet each ; at the 
rate of 2s. „ Gd, a square yard ? 

30. Find the cost of lining a cistern with lead, whoso 
depth, length, and breadth are 3 feet „ 6 inches, 7 feet „ 10 
inches, and 5 feet „ 4 inches respectively, at lOa, „ S^d, per 
square yard. 

31. What should be charged for painting the inside and 
outside of an iron chest 7 feet „ 4 inches long, 4 feet „ 8 inches 
wide, and 3 feet „ 10 inches deep, at 9ef. the square yard ? 

32. How many tons of water are there in a cistern 1 8 feet „ 
8 inches long, 18 feet „ 4 inches broad, and 6 feet „ 9 inches 
deep, supposing a cubic foot of water to weigh 1000 ounces ? 

33 A cistern measured 6 feet „ 3 inches in length, 4 feet ., 
2 inches in width, and was 5 feet deep. After being filled 
with water, it leaked till the surface of the water sunk 
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7 inches; how many cubic feet and inches of water then 
remained in the cistern 1 

34. Find the cost of papering^ a room 21 feet long, 15 wide, 
and 12 high with paper 2^ feet wide at 9cL a yard, allowing 
for a door 7 feet hi^ and 3 wide, and 2 windows each 5 feet 
high and 3 wide. 

35. What will be the expense of papering a room that 
measures 19 feet „ 8 inches in width, 24 feet „ 4 inches in 
lengUi, and is 13^ feet high, with a paper which is 2} feet 
wide, and costs 11#. per piece of 12 yards in tho piece; the 
windows and parts not requiring to be papered, making up 
a sixth part of the whole surface ? 

36. The floor of a room contains 40 square yards; its 
height is 5 yards, and the length is 3 yards more than the 
breadth ; find the number of square yards in the 4 walls. 

37. If a field of 10 acres be divided into allotments mea- 
suring 110 feet by 20 feet, at what sum ought each of the 
allotments to be let, if the rent be £10 per acre? 

38. The expense of carpeting a room 20 feet long was 
£7 „lOi.; but if the breadth had been 3 feet less than it was, 
the expense would have been £6 ; what was tho breadth of the 
room ? 

39. Transform the number 981 into the binary and ternary 
scales: and transform 4321 from the quinary to the septenary 
.scale. 

40. Transform the numbers 1785 and 281 from the denary 
to the duodenary scale; and find their product in the duo- 
denary scale. 

41. Multiply together the numbers le't and 15*8 expressed 
in the duodecimal scale. 

42. Transform 2304 from the quinary to the undenary 
scale. 

43. Divide 29^96580 by 2^^9 in the duodedmal scale. 
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CHAPTER XX. 



IiryOLUTIOK Ain) EVOLUTION; OB THE EXTRACTION OF THE 

SQUARE AND OUBB ROOT. 

§ 121. We have already seen (§ 40. Ohs. p. 48) that the 
Powers of numbers are formed by multiplying the numbern 
by themselves a certain number of times ; that 2 x 2 is called 
the second power of 2, or the square of 2, and is written 2^ : 
that 2 X 2 X 2 is called the third poicer of 2, or the cube of 2 ; 
and is written 2' ; and so on. 

Similarly the powers of fractions are foimd by raising both 
numerator and denominator to the power required ; thus 



1526 . 
3126 ' 



3*°* 81' \ 5) 6« 3125 

\2/ 2» 4* 

So again the power of a decimal may be found by multiplying 
it by itself the number of times indicated by the power; thus 



•03' = 03 X 03 =0009. 

This raising of numbers, by successive multiplications with 
the same multiplier, to their powers is called Involution; 
while the converse operation of finding out from the result of 
an involution what was the original multiplier employed, is 
called Evolution. 

D^. The square root of any proposed number is that 
number which, when multiplied by itself, will produce the pro- 
posed number. 

Z>^. The cube root is that number which, when multiplied 
by itself twice over, will produce the proposed number. 
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The symbol commonly vued to suniify the extraction of the 
■quare root is ,J; and for the extraction of the cube root is ff. 

In arithmetic we do not attempt more than the extraction 
of the square and the cube root; the fourth root, which is 
sometimes required, being only the square root of the square 
root; and the sixth root only Uie cube root of the cube root 

§ 122. The reverse process for extracting either a square 
or a cube root by evolution must be based upon the direct 
method of obtaining the square by involution. But inasmuch 
as in the arithmetical pnx^ss of multiplication the several 
parts of the number are so mixed up a» not to be easily distin- 
guishable, it becomes necessary to exhibit a number separated 
into its component parts, and to show how we may find the 
square of it in this altered shape : so that, by reversing the 
operation, we may be able to exhibit the process for finding 
the square root^. 

Let it be required to find the square of 83. Write 83 as 
^0 + 3; now to obtain the product of (,80 + 3) multiplied by 
(80 + 3) we observe that there is first 80x80; then 80x3; 

^ To thoBe who understand Algebra it will be a help to obnerve 
how the Arithmetical process of evolution w based upon the Alge« 
braicaL To investigate the algebraical method, fint, by involution. 




we can evolve a + 6; for this latter we know is the quantity which, 
when multiplied by itself, will give the proposed quantity. The 
method is as follows : 

a'+2a6 + &*(a+6 



a« 



2a+6)2a6+6*'' 
2a6+6« 



Having arranged the terms according to the dimensions of some one 
letter, we see that the square root of the firnt term of the proposed 
quantity is a ; write down a on the right hand as the first term in the 
root, square a, and subtract its square from the proposed quantity ; 
then bring down the remainder 2cU> + 6^. To find 6, the second term 
in the root, divide 2a6, the firHt term in this remainder, by 2a; 
write b, the result of this division, as the second term in the root ; and 
placing 2a + 6 on the left of the remainder, as if it were a divisor, 
multiply it by 6, and subtract the product, viz. 2a6 + 2>^, from the re- 
mainder. If there be more terms, consider a + 6 as a new value of a, 
and proceed as before. 
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next 3x80; lastlySxd: tiiat is, there is 6400 + twice 240 + 9 ; 
t. e, the square of 83 is 6400 + 480 + 9, or is 6889. 

Now let ns» in order to find the square root of 6889, re- 
Terse the process just used; and writing^ the number as 
6400+480+9, let us first find the square root of 6400, which 
is 80; and subtracting this square of 80 from the given 
number, we have as a remainder 480 + 9. In order to find the 
second figure in the root we double 80, which thus becomes 
160, and by this result we divide 480, and tako the quotient 
3 as the second part of the root Next writing 160 + 3 by the 
side of the remaining portion of the square, and multiplying it 
by the figure 3 which is written as the second part of the root, 
we obtain 480 + 9. The process would be exhibited as follows : 

6400 + 480 + 9(80 + 3 
6400 

160 +"3) 480 + 9 
480 + 9 

Next, if we wrote the numbers nearly in the ordinary 
manner, it would not be difficult to trace the various steps of 
the process: then we should have 

6889 (80 + 3 
6400 

160 + 3, or 163) 489 

489 

Lastly, if we omitted all ciphers which are superfluous, we 
might adopt the following shortened form : 

6889 (83 
64 

163)189 
489 

§ 123. Before deducing from this process the practical 
rule for the extraction of the square root, we must first find 
out how many figures the root will contain: and both the 
number and the local value of the figures in the square root 
may be determined from the following considerations : 

since 1*= 1, 10^= 100, 100*= 10000, and so on ; 

it appears that 

the square of a number consisting of one digit may contain 
either one or two digits ; 
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the tfqnare of a number consisting of two di^ts may contain 
eittier three or fonr digits ; 

the square of a number consisting of three digits may contain 
either five or six digits ; 

and so on. Whence we observe that in squaring any whole 
number, every digit of which it consists, with the exception 
of the extreme left-hand digit, most introduce two digits in 
the square ; while tlie extreme left-hand digit may introduce 
either one or two digits, as the case may be, (for the sqiuu*es 
of the numbers 1, 2, and 3 consist each of one figure, and the 
squares of the other numbers up to 9 of two figures.) Hence it 
follows that, in any whole number whose square root is to be 
extracted, if a point be placed over every second figure, 
beginning with the figure in the place of units, the number 
will be thus divided into periods, of which the one on the 
extreme left may consist (according as the given number con- 
tains an odd or an even number of digits) of either one or 
two figures: the others will all consist of two figures ; and 
the number of these periods will show the number of figures 
in the square root, and will thus denote the local value of the 
first figure of the root 

Having prepared the number, by this method of pointing^ 
for the extraction of its square root, we may give the rule for 
the process as follows : 

Find the largest number whose square can he subtracted 
from the left-hand period; write this as the first figure in 
the root, subtract its square from the first period^ and to the 
remainder bring down the next period. DofMe the first 
figure of the root, place it on the l^t of the remainder, and 
using it as a divisor, divide the remainder, omitting the last 
figure, by it; the quotient is the next figure in the root, which 
must be annexed to the divisor as well as to tlie root; by this 
last figure in the root multiply tfie divisor as it now stands, 
and the required subtrahend will be obtained, 

Jf there should be more periods to be brought doum, the 
operation must be repeated; remembering to double only the 
last figure in the divisor at each successive step. 

It Will occasionally happen, especially in the early stages 
of the process, that the figure obtained as a quotient by the 
trial divisor is too large, and will give a subtrahend laiger 
than the minuend from which it is to be taken : in such a case 
we must try a smaller number. 
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Ex. 2. Extract the square root of 176233494881. 

lf5S334d4S8l (418609 
16 

81) 152 
81 



828) 7133 
6624 



8366) 50949 
50196 



837209) 7534881 
7534881 

In extracting the square root of a decimal, we observe 
that, (since in squaring a decimal each figure in the decimal 
multiplier must introduce two figures in the result,) the figures 
must, from tiie commencement, be taken in periods of two 
figures. Hence, in pointing for the extraction of the square 
root of a decimal, care must be taken always to place the first 
point over the place of hundredths, never over the place of 
tenths : to make up a full period at the end, a cipher, if neces- 
sary, can always be added to the right hand. 

If the number whose root is required should consist of 
integers and decimals, the integers are first pointed by placing 
the point over the place of units, and pointing every alternate 
figure : then, commencing again from the place of units, and 
proceeding to place a point over every second figure of the 
decimals, the first point, (always missing the place of tenths,) 
will fall over the place of hundredths, and so on. 

Ex. 3. Extract the square roots qf •167281 ; and of 
332-150626. 

•Id7i2l8l (-409 53SIS0625 (18-225 

J6 _1_ 

809) 7281 28) 232 

7281 224 



362) 815 
724 



364-2) 9106 
7284 



36445) 182225 
182225 
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Since the number of periods shows the number of figures 
in the root, it follows that as many decimal periods as there 
may be in the proposed quantity, so many decimal plctces will 
there be in the root^ 

When the given number has no exact square root, if it be 
a decimal, ciphers can be added to it ; or if it be an int^er, 
a decimal point can be placed after it, and ciphers attached ; 
and then the process can be carried as far as may be required. 

Ex. 4. Extract the sqimre root of Z to three places of 
decimals. 

In order to show the exact value of the remainder in this 
case, we will exhibit the process with the decimal point re- 
tained throughout the whole operation. 

S060606 (1-732, &c. 
1 



27) 200 
1-89 



3-43) 1100 
•1029 



3-462) 007100 
•006924 

•000176 

therefore 1-732, &c. is the approximate root of 3. 

We see from this, that when an integer has no integral 
square root, it has no square root at all in finite terms. Thus 
3 has no exact square root; but since the number 1*732 
multiplied by itself gives very nearly 3, it is commonly said 
that 1*732 is very nearly the square root of 3 ; more properly 
perhaps, it is the square root of something very near 3. 

§ 124. When the root is required to be extracted to many 
places of figures, it is found that the work may be considerably 
shortened, if, when one figure more th>an half the number of 
required digits in the root has been obtained by the ordinary 
procesSy we divide the remainder that then arises, by the 
divisor, after the manner of contracted division, (page 122,) 
^d so obtain the remainder of the digits by simple division. 

Ex. 5. Extract the square root of 2 to S places cf 
decimals. 
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^06060606 (1-4142 
1 



24) 100 
96 



281) 400 
281 

2824) 11900 
11296 



28282) 60400 
66564 

(by division) 2828,2)^36 (1356 

1008 

152 

12 

00 

Hence 1*41421356 &c. is the approximate root of 2. 

This plan does not indeed show the correct value of the 
remainderi and might perhaps make the process appear 
finite when it is not really so. However, whon the object is to 
find the value of a great many figures in the approximate root, 
the saving of labour that results from the adoption of the 
method renders it very advantageous. 

169 2169Q 

Ex. 6. Extract the square root <ifr^f and 0/ '^^*^, 
and (if -- . 

The square root of a vulgar fraction may be obtained by 
extracting the square root of the numerator and denominator; 
thus, 

//169\ _ ^ri69) 13 

V V529/ " ^^,529) ~ 23' 

But if neither the numerator nor the denominator have an 
ttxact square root, the vulgar fraction may first be converted 
into a decimal, and its approximate root may then be ex- 
tracted. 

21699 ' 

Thus 2-009 ~^^^^^^' *^** ^^^ by extracting the approxi- 
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mate square root of '867647, &c we shall obtain tlie ^iproxi- 
mate square root of the equiralent Tolgar fradion : 

S^jM, kc (-931, kc 
81 



183} 576 
549 



1861} 2547 
1861 



656 



Or sometimes, when the denominator Is not an exact square, 
we maj reduce the fraction to an equivalent one whose de- 
nomimi^r is a square, (by multiplying both numerator and 
denominator by the least number that will render the de- 
nominator a square,) and then extracting the square root ot 
both numerator and denominator. The least number which 
will make the denominator a square is found by taking out 
any fictoT in the denominator which is a square, and multiply- 
ing both numerator and denominator by the remaining factw: 
thus. 

V18 V9x2 

75x2 ^ /lO 
V 9 X 4 ~ V 36 

_ ^^ 3 16227, &c. 
"" 6 "" 6 

=•52704^ &C. 

Ex. 7. Extract the fourth root qf '0000065536. 

The fourth root is the square root of the square root; 
hence 

-0606065^36 (-00256 

4 

45) 255 
225 



506) 3036 
3036 
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*062&6606 (05069, &a 
25 



1005} 6000 
5025 



10109) 97500 
90981 



6519 
therefore '05059, &c. is the approximate fourth root 

§ 125. From these examples it will be observed that the 
operation of extracting the square root consists in successire 
repetitions of two processes ; by one of which the given square 
number is diminished by numbers which, taken together with 
those previously subtracted, make up the square of the part 
of the root already found; while by the other process, a divisor 
is formed for obt lining the next root-figure. Thus in Example 8, 
given below, supposing the first part of the root to stand as 
30 + 8 integers, and ciphers to be used, we should first subtract 
not 9 but 900, and secondly subtract 544; but 900 + 544 = 1444, 
which is the square of 38. 

The operation might therefore be carried on in two parallel 
columns as follows : find the first figure in the root, set it in 
the column to the left, which call the first column ; set the same 
figure beneath it, multiply them together, place the product 
under the second column, subtract it, and to the remainder 
annex the next period. Then add together the two figures in 
the first column, and use their sum as a trial divisor to obtain 
the next figure in the root: look upon the number which is 
their sum as multiplied by 10, (for each time that a new root- 
figure is obtained, the local value of those previously esta- 
blished is increased tenfold,) and add to it the new root-figure : 
(thus in Ex. 8, 6 becomes 60, and with 8 added to it, 68 ; 76 
becomes 760, and so on;) set the new root-figure beneath the 
new sum in the first column, multiply by it, and place the 
product in the second column ; subtract, and bring down the 
next remainder. Add the figures in the first column, use the 
sum as a new trial divisor, look on that sum as multiplied by 
10, add the new root-figure to it ; and so continue the process. 

This process of arranging in parallel columns is not indeed 
essential ; but as it serves to illustrate the process of extract- 
ing the cube root which is afterwards given, an example is 
added, in which the method is exhibited at length. 
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Ex. a Extract the square root qf 15 to ten piaees </ 
dedmali. 


L 




IL 


3 




15' (3-87298 


3 




9 


68 




600 


8 




544 


767 




5600 


7 




5369 


7742 




23100 


2 




15484 


77449 




761600 


9 




697041 


774588 




. 6455900 


8 




6196704 


774596 




259196 


From i;his point proceeding by contracted division we obtain 
five more figures in the root : 




77459,6) 


259196 (33462 
26817 
3579 

481 
16 

1 



Hence the square root correct to the tenth place of decimals 
is 3-8729833462. 

§ 126. In investigating a method for the extraction of the 
cube root, we must first show, (by separating a number into 
its component parts, as we did when forming its square,) how 
we may represent the cube of any number; and then by a 
converse operation, how the cube root may be obtained. 

We saw that the equare of 80 + 3 might be written as 
80x80 + twico80x3 + 3x3 ; i.e, as 80* + twice 80x3 + 3*. 
Now to obtain the cxifbB of 80+3, we again multiply the 
square, or (80*+ twice 80x3+3*) by (80 + 3). The results 
obtained are 

80*x80 + twice80"x3 + 3*x80 

+ 802 X 3+twice80 x 3" + 3'; 
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and these results combined are 

80>-l- thrice 60> x 3+thrice 80 x 3'+3'. 

§ 127. Before commencing the process of evolution^ by 
which we may find the cube root, let us remark that 

Since V » 1, 10* = 1000, 100" = 1000000, and so on ; it 
appears 

that the cube of a number consisting of one digit may contain 
either one, two, or three digits ; 

that the cube of a number consisting of two digits may contain 
four, five, or six digits ; 

that the cube of a number consisting of three digits may con- 
tain seven, eight, or nine digits ; 

and so on. Whence we observe that in pubing any whole 
number, every digit of which it consists, with the exception of 
the extreme left-hand digit, will introduce three digits in the 
cube ; while the extreme left-hand digit may introduce either 
one, two, or three digits, as the case may be, (for the cubes 
of the numbers 1 and 2 consist of one figure each ; of 3 and 4 
of two figures each ; and of the other nimibers up to 9 of 
three figures each). Hence it follows that, if, when about to 
extract the cube root, we place a point over every third figure, 

^ Here also the algebraical form may be of some assistance in 
understandiDg the arithmetical process : By inyolution we find that 
the cube of a + 6 is a' + 3a'6 + Zab* + b* : from this quantity, then, we 
are to devise a method of evolving a-\-b, which we know to be its 
cube root. The method is as follows : arrange the terms accordins^ 
to the dimensions of some one letter, a, and take the cube root of or, 
the first term ; this gives a as the first term in the root. Subtract 
a^ from the given cube quantity, bring down the three terms 
3a^6 + Sall^-\-¥j and divide the first term of this remainder by Sa", by 
which we obtain 6, the second term of the root, which is to be added 
to a already standing to the right of the cube quantity. Arrange 
3a' + Sa6 + ^ in a loop to the left of the remainder, multiply by 6, 
and subtract the result, vi2;8a'6 + 8a&' + 6' from the remainder: the 
whole cube oi a-\-b has now been subtracted ; and if no remainder 
be left, as in the present case, the operation would be finished. If 
however an expression containing more terms had been given, we 
should proceed by considering a+6 to be the new first term in the 
root, and should treat it as before we treated a. The form would 
stand as follows: 

8a'+8a6+6^ 8a"6+8a5»+6> 
8a«6+3a6»+6> 
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beginniiig with the figure in the pbuce of oniti^ the number 
will be thos dirided into periodSy of which the period on the 
extreme left may consist of one, two, or thiee figures ; the 
others must all consist of three figures; and these periods 
will show the number of figures in the cube root^ and will 
thus denote the local Talne of the first figure in the root. 

§ 128. Haying explained bow to prepare the number, by 
thus pfArUmg it, we may now take an example, and exhibit 
the process of ^xtractnig the cube root, as UXkm% : 

Ex. 1. Let it he required to extract the cube root qf 
671787. 

By pointing, we difide the giren number into two periods^ 
and thus learn that the required root consists of two digits, 
of which the left^iand digit will be in the place of ten& 
Consequently we must seek for the largest multiple of ten 
whose cube is less than 671000; this being found to be 80, 
write the number 671787, duly pointed, in one column, which 
call the third column, with the number 80 in a loop to the 
right of it: cube 80, write the result^ riz. 612000, beneath 
671787, and subtract it : (we hare now remored the cube of 
80, and have left as a remainder a number which must be 
equal to 80'xthe second root-figure + thrice 80 x the square 
of the second root^gure+the cube of the second root-figure). 
Now arrange on the left two other cdumns : in the one to the 
extreme left, which call the first column, place thrice 80, that 
is, 240 ; in the next^ or second column, place thrice the equare 
of 80, that is, 19200. Then diride the remainder in the third 
column by the number in the second column ; that is, diyide 
59787 by 19200 : tiie quotient is 3 ; and this^ i^esumably, is 
the second figure in the root. Add the 3 thus obtained to the 
first column, and multiply the sum by 3; that is, multiply 
(240+3) by 3 ; add the result, riz. 729, to the number in the 
second column, and multii^y tiie sum, whidi is 19929, by 3 : 
place the product, riz. 69787, beneath the number left in the 
third column and subtract it from it ; the remainder is - 
whence we conclude that the required root is 83. The entire 
process will stand thus : 

I. II. IIL 

240 67l78f (80 + 3 

3 19200 612000 

243x3 ^^^ 69787 
19929 X 3 69787 
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The ciphers may be omitted, as superfluous, in the third 
column, and in the root : they may likewise be omitted in the 
first and second columns ; but for the sake of clearness, it 
would seem better to retain them in those two columns, and 
only in practice omit them in the third column, and in the 
root : the form, with these ciphers omitted, will be 
I. 11. III. 

240 67l78f (83 

8 19200 512 

"243x3 "^^^ 69787 

19929x3 59787 

It sometimes happens that the number resulting from the 
division of the first remainder in the third column by the 
trial divisor in the second column, is too large, and then a 
lower number must be tried : this will not unfrequently occur 
with the second, and perhaps even with the third figure of 
the root ; but is not likely to occur in the later stages of the 
operation. A little practice will soon enable the learner to 
find the correct number. 

§ 129. To enable us to point correctly when the given cube 
number consists in part or entirely of decimals, we observe that, 
in cubing a decimal, each figure in the decimal multiplier must 
introduce three figures in the result ; and that consequently, 
in extracting a cube root, the decimal figures must, from the 
commencement, be taken in periods of three figures. Hence 
if the given cube be a mixed number, consisting of integers 
^d decimals, place a point over the units figure, and over 
every third figure to the left, and to the right of it ; if it 
consist entirely of decimals, passing over the figures in the 
place of tenths and hundredths, set the first point over the 
figure in the place of thousandths, and point over every third 
figure ; making up a full period at the extreme right by the 
addition of one or two ciphers, should it be necessary to do 
so. The number of decimal periods in the cube, will indicate 
the number of decimal places in the root. 

Ex. 2. Extract the cube root qf '493039; and qf 
'000185193. 

L II. III. 

210 *49S03d (*79 

9 14700 343 



219 X 9 ^^^^ 150039 

16671 X 9 150039 



U2 
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L 


IL 


DL 


150 




-00618519$ (-057 


7 


7500 


125 


157x7 


1099 


60193 




8599x7 


00193 



Obflerre in the second caw that the trial dmsor 7500 
gare aa a qnolieot ^gare 8 ; bat as this was found to be too 
hu-ge, tiie next lover nnmiber 7 was taken, and foond to 
succeed. 

§130. Whoi there are more than two figures in the root, 
the process has to be continned; and in order to do this cor- 
rectly, we mnst make tiie nnmbor in the first cofamin eqoal to 
three times the part qf the root already found; and the 
number in the second cohmm eqnal to three times the square 
o/ the part qfthe root already found, 

'Sow the nnmber in the first cohmin is already thrice the 
first figore in tiie root^ with the second fignre added to it ; 
so that^ if we increase this number farther by twice the 
second figore^ we shall hare thrice the first and thrice the 
seccmd figures of the root : and as by the addition of a third 
figure to the root tiie local ralae of the first and second figures 
will be increased tenfold, we most multiply the aboT&named 
result by 10, by annexing a cipher to it ; and we shaD haye 
three times the part qfthe root already found. 

MoreoTcr in the second column there is already thrice the 
square of the first figure, increased by thrice the sum of the 
first and second figures multiplied by the second figure : so 
that this result needs only to be increased again by thrice the 
sum of the first and second figures multiplied by the second 
figure, (i. e, by the number standing second in the column,) and 
by tiie square of the second figure, in order to become tiirice 
the square of the first and second root-figures. If therefore 
at the bottom of the second column we write the square of 
the second figure, and then add together that square, the 
number next aboye, and the number next above that, we shall 
have thrice the square of the first and second figures of the 
root To this, as the local yalue of these figures will be in- 
creased tenfold, we must annex two ciphers, in order to 
increase their square an hundredfold. Thus finally we shall 
obtain three times the square qf the part qf the root already 
found. With these fresh numbers we continue the operation 
^4 before. 
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Ex. 3. Extract the cube root qf 109-119221. 

I. IL III. 
100 ISd'l 16221 (5*74 
7 7500 126 

167x7 \^^^ 64119 
14 J8699 X 7 60 193 


1710 1 ^ 


8 926224 > 


4 974700 
1714x4 6866 


* 



981666x4 8926224' 

Just as in the extraction of the square root, we can find 
the approaifnate cube root of a nnmber which is not a perfect 
cube, by adding ciphers after the decimal point, and bringing 
down as many periods of these as may be required. And it 
has been found that when two figuree more than haJlf qf the 
required digite in the root have been obtained by the ordinary 
procestf the remainder qfthe digite required may be obtained 
by division, 

Ex. 4. Extract the cube root qf 1*808 to eeven places qf 
decimals, 

II. 



I. 

30 

2 

^2x2 

4 



360 
1 




IIL 
1*80S (1*2182 
1 



808 

728 



361x1 
2 

3630 

8 

3638 X 8 
16 

36640 
2 

36642 X 2 



43200 
361 



43661 X 1 
1 

4392300 

129104 
4421404 X 8 
64_ 

446067200 
73084 

446130284 x 2 



800001 



43661 



36439000) 



36371232 






1067768000 



890260568 



f 



177607432 
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From this poiDt we may proceed bj divuioii to find 3 figures 
more in the root ; and only taking sofficient figores to ensure, 
by the process of contracted divisiony the correctness of 3 
figures in the quotient, we have 

4452) 17750 (396 
4394 
387 
31 

Hence the approximate cube root required is 1*2182398, &c. 

Exercise XXIV, 

1. Find the square of 4^; the cube of 37*6; the 4^1^ power 
of - ; the 6^ power of 3J; the 7*^ power of '4. 

2. Express as a decimal the yalue of ^, and of ^; and 

2 
find the fraction which is the quotient of the 5^ power of - 

g 
di?ided by the square of - . 

3. Extract the square root of the following : 

(1) 841. (2) 1521. (3) 8649. 

(4) 11664. (5) 60516. (6) 142884. 

(7) 640225. (8) 667489. (9) 176233494881. 

4. Extract the square root of 

(1) 32-49. (2) 1*4161. (3) 12*8164. 

(4) 3782-25. (6) '00749956. (6) -0000974169. 

5. Extract the square root of (giving in each case the true 
value of the remainder) 

(1) 2 to six places of decimals. 

(2) 7 to seven places of dedmals. 

(3) 10 to five places of decimals. 

(4) 77 to six places of decimals. 
(6) 126 to four places of decimals. 
(6) 881 to five places of decimals. 

6. Extract the square root of 

(1) 10*3041. (2) 29*506624. (3) 1730*56. 

(4) 290-226296. (5) '0004. (6) -00001024. 
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7. Extract the square root of 5, *5, '06, and *005 each to 
6 places of decimals. 

14161 2 

8. Extract the square root of ttttt ; and of ^ to seven 

14o4i 3 

places of decimals. 

9. Extract the square root of *16 ; also of '016, and *4, 
each to three places of decimals. 

1672S1 

10. Extract the square root of — r;;;;- ; and of 6} to 8 

3 

places of decimals ; and of -- to 9 places of decimals. 

b 

11. What are the quantities of which '001 and '073 are the 
square roots] 

12. Extract to three places of decimals the square roots 
of 'S4, and of i'2i ; also the square root of 'd. 

13. Extract the cube root of 

(1) 21&62. (2) 186193. (3) 970299. 

(4) 1367631. (5) 12812904. (6) 28934443. 

14. Extract the cube root of 

(1) '193823. (2) 867876. (8) 246'314376. 

(4) -066939264. (6) •023639903. (6) •000030664297. 

(7) g. (8) 62034^?. 

(9) *1 to 4 places of decimals. 

16. Extract the cube root of 

(1) 2 to three places of decimals. 

(2) 7 to eight places of decimals. 

(3) 28 to three places of decimals. 

(4) '6 to two places of decimals. 
(6) *066 to five places of decimals. 

(6) '06 to three places of decimals. 

(7) '7 to seven places of decimals. 

16. Extract the fourth root of 

(1) 923521. (2) 614656. (3) 1679616. 

17. Determine the side of a square whose area is equal to 
a rectangle, which is 81 feet long and 6 feet 0} inches wide. 

18. The area of a square field is 10 acres ; what will it cost 
to build a wall round it at 48, „ 9d, per square yard cf walling, 
if the wall be 2 yards high ? 
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19. The length of a metre u 39*37 inches; find the number 
of aotid inches in a cabe whose side is a metre; and find the 
length of the side of a cube whidi ccmtains 8060150125 solid 
indies. 

20. A body of men in column form 324 ranln 9 abreast ; 
if they were drawn np in a solid square, how many would there 
be in each hce 7 

21. If a cubic foot of water wdgfa 1000 oonces, find 
the length of the side of a cobe of water, which weighs 
1 ton „ 6 lbs. ^ 1 oz. 

22. How long will it take to walk along the four sides of 
a square field which contains 16 acres „ 401 square yards, at 
Snulesperhoor? 

23. A certain number of persons agree to subscribe as 
many guineas each as there are subscriben in all ; the whole 
subscription being ;£1047901 ,, 1«^ how many subsoribers were 
there? 

24. Und the number of which "0101 is the square root ; 
and find the number which when squared gires '010164. 

25. The length of a room is twice its breadth, and its area 
contains 1152 square feet ; what is the length of the room 1 

26. Find the hypotenuse of a right-angled triangle, whose 
sides are 35 inches and 42| indies. [Eudid, Bk. l 47.] 

27* Reduce to dedmals —t^ — ^, and find which is the 

greater SJ2 or j/3. 

28. Find the edge of a cube which contains 37 cubic 
feet „ 64 cubic inches, 

29. There are 640 acres in a square mile ; how many feet 
must there be in the side of a square field which contaius 
3} acres? 

30. The edges of a rectangular chest which contains 
64 cubic feet are in the proportion of 1, 2, 4; what are the 
actual lengths of the edges ? 

31. A certain cubical tank is found to hold the same quan- 
tity of water as a tank, the length, breadth, and depth of which 
are respectively 11 feet, 12 feet, and 10 feet „ 1 inch. What is 
the length of an edge of the cubical tank ? 

32. A piece of cloth is 5 times as long as broad, and costs 
;£19; supposing the price to be 4«. „ 9d. a square yard, find 
the dimensions of the piece. 
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ExKRGiSK I. (Page 9.) 

1. (1) 19006. (2) 1600402. (3) 8308791. 

(4) 166402009. (5) lOOOOOOOOO. (6) 2300000405607. 

2. (1) One hundred and twenty-three million, four hundred 
and fifty-six thousand, seven hundred and eighty-nine. 

(2) Nine thousand and nine million, nine thousand and 
nine. 

(3) Seven hundred and seyenty-seyen million, seven h«n- 
dred and seventy-seven. 

(4) Eight hundred and nmety-six thousand seven hundred 
and eighty-seven million, five hundred and forty-two thousand, 
one hundred and thirty-four. 

(5) Four billion, five hundred and sizty-three thouBand 
two hundred and eighteen million, seven hundred and sixty- 
four thousand five hundred and twenty-nine. 

(6) Three hundred and seventy-eight biUion, six hundred 
and fifty-eight thousand four hundred and fifty-nine miUion, 
three hundred and seventy-two thousand one hundred and 
fifty six. 

3. Cf. §6,6. 

4. Of . § 10. In the quinary scale by 12. If only 7 digits 
besides the cipher were used the scale would be the octenary, 
i.e, 8 would be written 10, and 13 would be written 15. 

5. Cf.§ll, 12. 

6. Gf. § 13, 14, and note on p. 4. 
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EzxROiSB IL (Page 32.) 

1. (1) 10964. (2) 766337. (3) 1727271. 
(4) 12659262. (5) 9999999. (6) 338901713. 

2. (1) 3175. (2) 4214. (3) 268586. 

(4) 2. (5) 88408512. (6) 370651673. 

3. First remainder 1767122. Second remainder 11000. 

4. First remainder 2715952. Second remainder 15052. 

5. (1) 3634496. (2) 839068254. 

(3) 14984242647. (4) 183478853167. 

(5) 6467176188. (6) 15160301184204. 

6. (1) 35. ' (2) 405. (3) 462 with remainder 2140103. 

(4) 20303 with remainder 8534579. (5) 9009. 

(6) 8887 with remainder 136725. 

ExsBCisx IIL (Page 33.) 

(1) 12511. (2) £6 „ 6». „ Id, 

(3) 339. (4) ;f 1008 „ 13*. „ Id. 

(5) 200838a (6) £5m „ 4f. 

(7) 370 quotient, 1568 remainder. 

(8) 550974. (9) 7 times. (10) 1. 
(11) 4305. (12) Cf. § 23; 3. (13) 176517. 
(14) The general proposition is — ** If to the sum of any two 

numbers there be added their difference, the result is equal 
to twice the greater of the numbers ; but if from the sum 
there be subtracted the difference, the result is equal to twice 
the smaller number." 

(16) ;£149. (16) £636 „ 10». „ Sd, 

(17) 45678, remainder 102. (18) jg9410 „ 1*. 
(19) ;£2650 ; and 1769 quarters. (20) 1*. „ 4d. 

(21) ;£71 „ 10*.; and 14*. „ 3|d (22) £24 „ 3*. „ 4if. 

(23) (1) 34, and remainder 4199. (2) 1032. (3) 443, and 
remainder 57. 

(24) By diridrng £6 by £3 we obtam 2, by dividing £3 by 
£6 we obtain ^, and we may -multiply 10 yards by either 
*2ori. 
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EXEROISB lY. (IVige 60.) 

I. (1)13. (2)493. (8)1236. (4)4199. (6)221. (6)13. 

II. (i) 10296. (2) 28162. (3) 7122484. (4) 1779060. 

III. (1) 37. (2) 40278. (3) 1912. 
(4) 671. (6) 47. (6) 63. 

IV. (1) 18622000. (2) 30968. (3) 119025. 
(4) 7847. (6) 1774a (6) 61688187. 

V. (I)2»x32x6«. (2)28x32x7". (3) 3x6*x7*xll. 
(4) 2x3x6x7x11x13x23. 

VI. (1) 2x3*x7'xllx29, 28x3«x7'xl3x23, 2*x3«x7* 
x 11 X 31. Hence the o.o. m. required is 2 x 3* x 7', which is 
882 ; and the L.a M. is 2* x 3^ x 7* x 11 x 13 x 23 x 29 x 31, which 
is 1314386280208. 

(2)2x3^x11x191; 2x3>xllxl'91; and 2x3^x7x11 
xl91. Hence o.o.m. 2x3^x11x191; and L.O.M. 2x3^x7 
X 11 X 191 ; i.e, o.o.m. is 37818, and l.o.m. is 7147602. 

VII. 720, and 1680. VIII. 23. 

IX. 843. X. 362. XI. 67. XII. 4. 

XIII. * The Ist, 2nd, and 4th are divisible by 9 and 11 ; 
the 3rd and 6th by 8. 

XIV. The 1st, 2nd, and 3rd are divisible by 7 ; the 2nd 
and 4th by 13. 

ExsROiSB V. (Page 66.) 

I. (1) ;£26416 „ 1*. „ nd. (2) ;£4077 „ 16*. „ Id. 

(3) ;£7447 „ 8*. „ 4d. (4) ^£6666 „ 3*. „ e^d. 

(6) ;£26978 „ 2*. „ 9d. (6) ^£29666 „ 1i. „ 8^. 

II. (1) ;£2773 „ lU. „ lid. <2) ;£2105 „ 9*. „ 4}<f. 
(3) ;£317 „ 6*. „ 9id. (4) ^£12116 „ 10*. „ 6jc?. 

III. (1) ;£106661 „ 14*. „ lid. (2) ^103419 „ 13*. „ 1^ 
(3) j£89924 „ 0*. „ 8^^. (4) ;£261782 „ 12*. „ 2^^ 

(6) ;£2612853 „ 17*. „ 4d. (6) ^£978717 » 18*. „ B^d. 

(7) ;£6678 „ 6*. „ 3^^?. (8) ^£5829 „ 16*. „ Hid. 
(9) ;£23308 „ 9*. „ 6jrf. (10) ^£1506 „ 16*. „ lO^d, 

(11) ^£7911 „ 16*. „ lOjd: (12) ^£17726 „ 16*. „ 11 JcK. 
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IV. (1) ;f 3267 „ 3#. „ lid. (2) £66 „ 18*. „ Sd.„ l^jffar. 

(3) £S,,3s,„nd.„l^/ar. (4) £1„lSs,„6d,„im/ar 
(6) ;£l0„0*.„8(/.„2f Jt/or. (6) ;£44„9«.„0rf.„2T:,fery«r. 
V. (I) ^£4 „ 2#. „ 6d: (2) £659 „ 12*. „ 6(f. 

(3) ;£734 „ 14». „ Sd. (4) 16#. „ 8dL 

(5) £6 „ 6*. „ 10i</. ' (6) £30979 „ 9*. ^ 3<f. 

VI. ;£4„lU.„(k^. VII. £l„69.t,^d. 

VIII. 2*. „9A IX. £62403 „ 16*. 

X. £2 „ 14*. „ 9rf. „ 2jf/ar. 
Xr. 4*. „ 9rf. „ liJ/ar. 
XIL £111 ,, 14*. „ Sd. ; and 8^^. 

Bbduotiov. 

XIII. (1) 22686. (2) 48001. (3) 61546. (4) £10 „ 5*. 

(6) £4 „ 13*. „ 6id. (6) 6040. (7) 962. (8) 1086. 

(9) 6760. (10) 96. (11) 3744. (12) 1248i 

(13) 24000. (14) 4S00, (16) 84. (16) 84. 

(17) £6 „ 16*. „ lid. (18) 6400. (19) 882. 

(20) 3923. (21) 38220. (22) 40. (23) 37. 
(24) 64. 

XIV. AyoirdupoiB : 

tons cwt qra. lt». oz. dn. 

(1) 40 „ 11 „ 3 „ 26 „ 12. " 

(2) 12 „ 17 „ „ 6 „ 6 „ 2. 

(3) 3 „ 16 „ 3 „ 25 „ 2. 

(4) 8 „ 2 „ „ 21 „ 10 „ 11. 

(5) 227 „ 4 „ „ 22 „ 0. 

(6) 4396 „ 2 „ 3 „ 20 „ 8 „ 12. 

(7) 16 „ 6„ 7. 

(8) 14 „ „ 10 „ 2. 

XV. Troy Weight: 

lbs. oz. dwt grsL lbs. oz. dwt gn. 
(1) 11 „ 6 „ 13 „ 15. (2) 29 „ 1 „ 18 „ 11. 

(3) 6 „ 10 „ 20. (4) 6 „ 6 „ 2 „ 7. 

(5) 807 „ 4 „ 8 „ 18. (6) 400 „ 10 „ 1 „ 18. 

(7) 11 „ 9 „ 6. (8) 6 „ 15 „ 21si. 
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XVI. 


Apothecaries' Weight : 




(1) 
(2) 


llML oz. dra Bcni. gn. 
19 ^ 6 „ „ 1 „ 3. 
49 „ 5 „ 7 „ „ 9. 




(3) 


11 „ 7 „ 2 „ 19. 




(4) 


198 „ 7 „ 5 „ 1 „ 19. 




(6) 


219 „ 9 „ 4 „ „ 0. 




(6) 


1355 „ 3 „ „ 1 „ 0. 




(7) 


3 „ 1 „ 17. 




(8) 


3 „ 2 „ 1. 


XVII. 


Long Measure : 


m. 

(1) 


fur. pi. 
19^ 


yd. a la 

„ 1 „ 11. 


(2) 34„7„ 7„ 


2 „1„10. 


(3) 


4 „ 31 „ 


2i„ 1„ 6, i.e. 4 „ 31 „ 3 yds. 


(4) 161„7„39„ 


4J „ 2 „ 11, le, 161 „ 7 „ 39 „ 6 „ 1 „ 6. 


fur. 

(6) 9, 


pL yd. 
» 1 » 1 « 


a in. m. far. pi. yd. a ia 
1 „ 6. (6) 96 „ 6 „ 6 „ 1 „ 1 „ 6. 


(7) 




2 „ 6. (8) 30 „ 4 „ „ 6. 



Exercise VI. (Page 90.) 
Addition of Fractions : 

(1) li%. (2) 2?. (3) lj%. (4) I?. (6) 23H8- 

(6) mh 

Subtraction of Fractions : 

(1) A (2) 2M' (3) fg. (4) |i. (S) 2^. 

Multiplication of Fractions: 

(4) I- (8) 2i^. 
Division of Fractions : 

639 
(4) The latter is the larger by tajH • 
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Ml8CCLLAXE0i;3 EXAXPLB. 

(3) ?. (4) The ^.ns became ^, M , ^. 

(5) |. (6) g. 

(7) Ptodncfc - , quotient J^; of whidi the latter is the 

greato-, and the difference in the lowest tennis—. (8) -. 

36 ^ ' 9 

W ^- (10) I (11) g. (12) g. (13) g. 
(U) ,3iJ. (15) ^^, ||. 8L, the «nn 1^. 

(1«) lA^. (17) ~ »nd A. 

(18) S«m g; daierence|. (19) 1. (20) ||. 
(21) ^. (22) 1. (23) IJSf. (24) ^. 

(25) »iV, md 211- (26) ^l . (27) Sam w 8, qnotieiit 5f . 
(•28)4. (29)" (30)1. (31) g. S. «.d g. 
(32) Sum is 5, difference — , quotient 225. (33) lOj^jJ^y. 

(^> n- w ^. (36) g. 

BxERCiSB VIL (Page 100.) 

479 10 

^^^ 480- (^^ 13- (^) ^1 « 6*- » Oid 

(4) |. (5) 12,.„2K (6) ^. (7) ^. 
^«^£6„11,. (9)|. (10) Jg. (11) J. 



1 

I 
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(12) r — ; and 3 hours „ 36 min. (13) 10*. „ lid. „ 2-^ far, 

^^*^ 256 • ^^^^ 800' ^'^^ ^ ^^ " ^^ ^^^ 

(16) The relative yalues are as 62, 61, 54 (the absolute 
yalues being 15«. „ Qd., 16«. „ Zd., and 13«. „ 6d,). 

(17) Y^ » and ^ . (18) 4#. „ 9id. (19) £1 „ Is. „ 3^/. 

(20) £1 „ 8*. (21) 13*. „ 4^. 

(22) The relatiye yalues are as 45, 46, 47, (the absolute 
yalues being 1*. „ lO^d,^ U, „ 11^/., and Is, ,, ll^d). 

(23) J-. (24) 16cwt. (25) ^mile. (26) i, 

72 1 

and Y225' ^^"^^ 12 ^^ * week; and 8 min. „ 16 sec. 

(28) 31 square inches. (29) ^ of a furlong. 

(30) ~ of a quarter. (31) ^ 



32 ^ ^ • ^"^^ I860' 

(32) 199qr8., and ^yds. (33) 5|^ square inches. 

^^^ 84480- (3^) 576- <3«) 36864- 



BxBEOisE VIII. (Page 108.) 

(1) Cf. §64. (2) Cf.§6a 

(3) Two hundred and eighty-three thousandths; five thou- 
sand three hundred and twenty-one ten thousandths; seventy- 
four thousand eight hundred and ninety-five hundred 
thousandths; eight hundred and twenty-one thousand 
and fifty-six M((^2^Af; twenty-seven, together with eight 
thousand three huffiftR and fifty-four ten thousandths; 
thirty-four, together with nine ten thousandths; forty-three, 
together with one hundred and one thousand and seven 
miUionths, 

(4) 63-9; 47-73; 6 0069; 1000001; 37; 35-721341; 
9-000400637. 
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<«^' 



327 



45697^ 
100000 ' 



100' 1000' 1000000' 1000' 
45697 893 893 



327. 
100' 



327 
10 ' 



100 ' 1000' 10000000 
(6) 073 ; -0197 ; "OOOOOl ; -00261 ; 'OOOIOOI. 

1 
4' 8' 20' 40' 6' 
1001 5907 
125 • 



(7) 1 ^ ^ ^ ' ^ ' 



600' 
(8) 3-79, 37-9, 379. 



3 

8' 



127 . 
2000' 



200000' 

(9) -00703, -0000703, '00000703 (10) Cf. § 66. 

^^200' 8' 2000' 250' 4' 80* 

(12) -7453, 7-453, 74*53; 48956^1, .4895621, 4895621; 
876430071, 876430071, 876430071 ; also 000531674, 
•0000531674, '00000531674; '000000000317, '0000000000317, 
•00000000000317 ; 902030401, 802030401, 902030401. 



(2) 2-919563. 
(5) 9111-0257962. 
(8) 1809-0998. 



ExiaciSE IX. (Page 

1. Addition : 
(1) -59327. 
(4) 3-41203. 
(7) 3030^0303. 

(10) 73088-4933367. 

2. Subtraction : 

(1) 3-431. 

(4) -336606. 

(7) -00027. 

(10) 91-48873. 

3. Multiplication : 

(1) -0000378. (2) -1487992. 

(4) -0058028. (5) '00924397488. 

(7) 9864-1^^75. (8) 586*3672853. 



122.) 



(2) -0011. 
(5) 8-9524. 
(8) '0000046. 



(10) -0237666. 
4. Dirlsion : 
(1) 711-858, 
' ^ 12500. 



(11) 220073-2212. 

(2) 2280-28, 
(5) -OOOl. 



(3) 654-40861. 
(6) 1934-16261. 
(9) 58624-27673. 



(3) 39-8489194. 
(6) 6-999613. 
(9) -45678. 



(3) 2-71984. 
(6) -00003738028. 
(9) -93586685. 
(12) 1870950-4885448. 

(3) 234508. 
(6) 15000. 
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(7) -013. 
(10) '050006. 
(13) '61164. 
(16) 100. 
(19) -039. 
(22) *00879, &a 
6. Contraoted 

(1) -010271. 

(4) -100175. 
6. Oontracted 

(1) 3-77192. 

(4) 3'19467. 



(8) 4-57. 
(11) 70-299. 
(14) 830000. 
(17) -00293. 
(20) 925*4. 

multiplication : 

(2) 12-60295. 

(5) 26*38702. 
division : 

(2) 13*54909. 

(5) 704*66269. 



(9) -008. 
(12) 66*30. 
(15) -008765. 
(18) 23*84. 
(21) 3-424, &e. 



(3) 46*90415. 



(3) 3-46410. 
(6) -03749. 



1. (1) -177088. 
(4) -96875. 

2. (1) 7t. „ ed. 
(4) 13t. „ Hd. 



ExBBOiSB X. (Page 142.) 



(3) -88125. 



(2) -2375. 
(5) -598958S. 

(2) 3«. ,, 4d. (3) 18t. „ Id. 

(5) 15t. „ 9d. „ 2-16/ar. 
3. *6; also 12. 4. '325. 5. *?. 6. 9t. „ 1016^ 

7. '248958i ; and 2d. „ 1'3744/ar. and '286458S. 

8. lid, 9. -000372. 10. -t3846l. 
n. S9.„ 4id. 12. 3 flor. ,, 2 cent. ,, 5 mils. 

13. (1) 14t. „ lOd. (2) 17t. „ Id. (3) 6t. „ Sid. 
(4) lis. „ Sid. (5) It. „ 2id. 

14. (1) 15t. ,, ^d. (2) 19«. „ Hid. (3) 7t. „ 4id. 
(4) £\ „ 98. „ 6d. (6) 12t. „ Sid. (6) lit. ,, bid. 

15. (1) 4fl. „ Oc. „ 9m. (2) 8fl. „ 6c. „ Im. (3) lfl.„9c. ,|7m. 
(4) 9fl. ,, 9c. „ 5m. (5) 6fl. ,, 3c. „ 4m. (6) 7fl. p 9c. „ Im. 

ExEBCiBB XL (Page 143.) 
1. -1875, '225, -208, 136, 848, -0176, 4*9. 2. r4390625. 

3. -OlS, -0616, -066d| '234t, l'29il, 46*ili, -6lf2d. 

4. I'69l70274. 

2* 200' 40* 400* ** 40* 250* 5* 1280* 4000*400000* 
6. -00000208, 1*487992, -271984, -005334, '61915, 003738028. 
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7. 500, 1200, 150000, 234*508, 2280*28, 711858. 

a 7% 'M, 4-9, 30lf 14285. 9. 2375, '1, "O*, -1875. 

10. -2666204, '666551, 00021329632. 11. '3. 

12. £1 „ 13»., and 2*0625. 13. 16*205916$. 14. 190476. 

15. 13hoiir8„10min. „5^8ec. 16. 29 yds. „ 2 ft. „ Of in. 

17. 5^, and 5*2f 14285. la '51454246976, &C. 

19. -4375, and 10049S4. 

20. 7 miles „ 7 furlongs „ 152*052 yards. 

21. 2acres „ 1 ro.„ 39po.„ 20sq.yds. „ 28q.ft. „ 36| (nearly) 
sq. inches. 

22. -4921875. 23. 2»,„lid. 24. 36. 

25. 8 flo. „ 7 cent „ 6*0416 mils ; and 16t. „Sd,„ 362 far. 

26. Bmn is £1*865, product is £55*95, and this is £55 „ i Jt. 

27. Each share is £7 „ 10«. „ 2d, „ 3*52 /ar. 
2a Each is 19t. „ 6(/. 

ExEBCiSK XII. (Page 148.) 

1. '914382 metre ; and 1*609314 kilom. 

2. 10*9363305 yds. ; and 6*213824 miles. 

3. 80-46575 kilom. ; and 49*71059 miles. 

4. 201*164314 metres ; and 10000 

5. (1) 17*. „ lid. (2) £3 „ 5*. „ 2^. (3) £3 „ 13 „ 2id, 
(4) £10 „ 15*. „ 9^. (5) £2 „ 15«. „ ^d. 

(6) £8 „ 13#. „ 9d. 

6. (1) 21*875. (2) 35-312. (3) 42187. 
(4) 120. (5) 170. (6) 125. (7) 1085. 

7. ^6991 „ 4«. „ 4}d. ; and 1261*075 francs. 

a He gained £3 „ 10*. n H<^' d- '^4671 hectare. 

10. 74*13429 acres. 11. 5*6072438. 12. 2-86119. 

13. 22*009625. 14. 2*60965. 15. £127 „ 11*. „ 7K 

16. i pint short 17. 2751*203125. 

18. 3*732419 ; and 453592. 19. 3 qrs. „ 10*2475 lbs. 
20. 506*34547. 21. -998339. 22. 91*9075. 

23. 69 lbs. „ 13} oz. (nearly); and 3 miles „ 164} yds^ 

24. 60*79559 kilogs. ; and 5431*43649 metres. 

25. -99412. 26. 24855*296. 
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27. 789813 miles ; and 1173834361 metres. 

28. *764513 ; and 142*382044. 

29. 321 cab. yds. ^ 19*11 &c. cub* feet. 30. £547 „ 13f. 
31. 1296| miles. 32. 357 yds. 2 feet; and 834 sq. yds. 

ExESOiSB XIIL (Page 158.) 

1. £17. 2. £378. 3. ;£1605. 4. ^^4628. 

5. £965. 6. £7281 „ U. „ 3^. 7. 9t. ,, lOfc^. 
8. £836 ,, 16t. ,, 4id 9. £18 „ Hi. „ 2^4. 

10. £117„0t. „3rf. 

11. £1657 „ 6*. „ 6j<f. (nearly). 

12. £4612 „ 14f. ,, Ofif. 

13. £21 ,, 18«. ,, 4^}^;. 14. £49 „ 6i. „ 9ild. 
15. £140,, 18«.,,4i\^df. 16. £89„6t. ,, 1^. 
17. £86. 18. £19„U„10i</. 

19. £696 „ 6t. „ 4^d. 20. £187 „ 18*. „ lOd. „ Z^far. 

21. £30 „ 14t. „ 1 1 J^. 22. £330 ,, 14*. „ 6^^. (nearly). 

23. £1124 „9t.„2ie/. (nearly). 24. £2Z „\%8. ,,^d. 

25. £4412 „ 12t. „ d|e^ 26. £98 „ 5t. „ 4}^^. 

27. £23 „ lii. „ Ofrf. 28. £225 „ 13*. „ Zid. * 

29. £513„6*.,,6K 

30. (1) £2717 ^ 2s. (2) £982 „ 6*. (3) £164 „ S». 
(4) £818 „ 8*. 

31. £736„13*.„3K 32. £61412 „ 15t. „ 3^^?. 
33. £26 „ 7*. „ 8Jcf. 34. 8*. „ 5^?. 

35. £5 „ 7*. „ 9id. 36. £91 „ 14*. „ lOj^?. 

ExEScisiJ] XIV. (Page 183.) 

1. 7697. 2. I6i,„6id. 3. £39 ,, 6*. „ lief. 

4. £59„l4B.„Sd. 5. £499 ,, Of. ,, 5^r^. 

6. £2756 „ 5*., or 2625 guineas. 7. 17*. ,^ 4(f. 
8. £179,, 4*. 9. £840. 10. £1000. 

11. £ns„U.„ed. 12. 13 feet „ 2-382 inches. 

13. 420 revolutions. 14. £21 „ 15*. ,, 9|6r. 15. £172. 

X2 
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16. 8d. 17. £4„l6i,„l0id. 18. £7 ^ 19f. „ 10 jfttl 

19. ie49„9flo. „6oeiitf„5mik 20. £16 „ I6t, „ lOfiHd, 

21. £Z„lZi,„2^, 22. 211b8.„5oz.„16dwt8.„6grn. 

23. £5 „ I6s. „ Oiid. 24. 45 feet 25. 79}ffeet 

26. 14. 27. 361. 2a 22*543, &C. 29. i. 

30. 13 „ 13#. „ Otd. 31. 4)(j{df.y or A^d. nearly. 

32. £2499. 33. 2 toiu ^ 9 cwt „ 1 qr. „ 11-2 lbs. 

34. 1 min. ^ 40$ sec. 35. ;£22. 36. £562 „ 19«. „ l^d. 

37. 7d. 38. £160 ,, 17«.'n 2^ 39. 21 men. 

40. 4weeks„ 2day& 41. 15 men. 42. 14 men. 

43. 12hoiirg. 44. £385. 45. 4400 men. 

46. 9 months. 47. 75 lbs. 48. £114 „6#. 

^* 18}ff miles. 50. 6} hours. 51. 9 days. 

52. 15 days. 53. 7 months. 54. 1968} lbs. 

55. Breadth 4 yds., length 20 yds. 66. 802156 yds. 

57. 5 days. 58. 3000. 59. 15 hours. 60. 126 days. 

61. 2531idinaras. 62. 12^^dronas. 63. 108 days. 

64. 1^ days. 65. 4 cwt „ 2 qrs. „ 11^^ lbs. 

66. 4677iyds. 67. 6*3 days. 68. 2 months. 

69. £6 „ 13#. „ 4d. 70. 19'36 days. 71. 4*02 inchea. 

72. 268800. 73. 105day& 74. 32#. 

75. £7„0t. „7id 76. They did f and f respectiyely. 

77. 24. 78. £1458,, 12*. 79. 74^ hours. 

80. £11 and £70. 81. £132. 82. 2s.„4d. 

ExESOiSB XY. (Page 196.) 

1. 40 and 60. 2. 21, 15, 9. 3. 1140, 855, 684. 

4. £8048 „ 15*. „ 6d. and £13414 „ 12ir. „ 6d. 

5. 1122, 1726. 6. 18 brandy, 45 wine, 60 water. 
7. £255^5, £22^%, £201|flfe, £150^. 

a £343 „ 9*. „ 6i«?<^., £628 „ 9*. „ 9 Ji|rf., £760 „ Ot. „ 8^^^. 
9. £23„2«., £34„13«., £69 „ 6^. 

10. The share of each man is I6s. „ 6d^ of each woman lOf., 
of each child 68, „ Sd. 

11. £1 „ U., £1 „ lit. „ed^ £2„ I2i, „ 6d, 
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12. The canna of cloth was worth 3 florins, the lira of saf- 
fron 2 florins. 

13. 1st butt, 12}t gals. MaL, m Gk. wine, 14f Rom. 

2ndbutt, 8}f , 6jf , 9f 

3rdbutt,l4 9f , 16 

14. By friar 2&|f soldi, by barber 111^ soldi, by artisan 
350}f sddi, by gentleman 711 A soldi. 

16. ^'s share was ^£1548, ^s share was £1989, 

16. Each man lias;£29/7, each woman ;gl4j^, each child £4^^. 

17. Each child ^1 „ 16«., each woman j£3, each man £4 „ 48. 

18. 1 man. 19. 61 oz. ; and the value, at 5$. „ 6d. per 
oz., is ;£14 „ Of. „ 6d, 

20. 184 oz. silver, 32 oz. gold ; and 6t. „ l^d, 21. 188 oz. 

22. 80 gallons brandy, 40 gallons water. 

23. 60 gallons wine, 20 gallons water. 24. 70 gallons. 

26. ^. 26. ^'s share j^, B*& share ^, C7'9 share ^. 

27. J. 



ExEROisB XVI. (Page 211.) 

1. £2 „ 168. „ lid, „ 2} far. 2. £446 „ 88. „ 9}id. 

3. £436 „ 18. „ 6^ijd. 

6. £8„88.„ 4id. 

7. £1213 „ 108. „ 9d, 
9. ;£212„10«. 

11. £S94 „ 88. „ Oiid, nearlj, 

13. £U„68.„2id. 

16. £402 „ 108. 

17. £1118,, 16*. 
19. £Znl28.„2^d. 

21. £6 „ 108. „ lO^d. 

22. £7 „ 11*. „ Ofd, and .£18 „ 88. „ 9d. 23. . ^ per cent. 
24. ;£120 „ lOt. 26. I of a year. 
27. 4^ years. 28. £8600. 
30. 6^ years. 31. £776. 
33. 3 year8,7 months. 34. £142 „ lOt. 
36. 4i per cent. 



4. £1 „ 13t. „ 71424(?. 

6. £20 „ 158. „ Oid. 

8. £69„10«.;and£347„10t. 

10. £1516 „ 10*. H 3j<i 

12. £10 „ It. „ 8id. nearly. 

14. £3 „ 11*. » 9d. 

16. £1 „ 0*. „ 8^. 

18. £160. 

20. £13692 „ 6t. „ IH^. 



26. 3^ per cent. 
29.. 3^ per cent 
32. 3} per cent. 
36. £613„68.„8d. 
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ExE»oiSB XVIL (Page 213.) 
N.B. The fractional parts of the farthing are mostly omitted. 

1. £267 „ let. „ lid. 2. £787 „ 8#. „ rilrf. 

3. J1216 „ 10*. „ l^rf. 4, Mil „ I6s. „ Sid. 

6. £U „ l^. „ Tll5d. 6. £2610 „ 3*. „ 6-288^. 

7. £61 M 4*.; also £811 „ 16*. „ 5|<f. 

8. £1389 ,.3#. 9. £6„2».^4i(^. 
10. £607„8#.„6id 11. £150 „ 9t. „9irf. 
12. £899 „ 12*. „ 6^. 13. £1 „ 2*. „ 2id 

^^ ^^^^' 15. £6„16*.„4i^. 

16. £156 „ 7*. ^ 5j<f. 17. £l„lt. „lli^. 

IS- ^270. 19. £468„7t.„10K 

20. £266„lU„2irf. 21. £29 „ 4*. „ 3^ 

22. £1214 „ I7t. „ OK 23. £276 ,. 2*. „ llitil 

24. £1200. 25. £725.' 

ExKBOiSB XVIII. (Page 223.) 

1. £16„3*. .,7|Jrf. 2. £3„10t. 

3- ^70. 4. £l„7*.,10id: 

6. £16 „ It. „ 2^i^d. 6. £4 „ 16*. „ 9^d. 

^- 3ttH 8. £734 „ 3*. „ OJ^. 

9. £3 for both. 10. £ll„Ss.„^fd. 

11. £1 „ 4*. „ lOld. 12. ^49 .„ 10*. „ 4|rf. 

13. £568„0*. „11J(^ 14. £116 „ 2*. „ 68Jrf. 

15. £1 „ 18*. H 4^d. 16. £45 „ 2*. 

17. 7*821 pence, or 7id. nearly. 

18. £26„17*.„6</.,and£126. 19. £1216 „ 13*. „ 4</. 
20. £70„iy*.„6K 21. £164 „ 10*. „ 3H^. 
22. £1„1*.„3|^. 23. £676 „ 19*. „ 7ilf</. 

24. 3i 25. £239 „ 19*. „ 6e/. 26. £82 „ 5*. „ m 

27. ^65000. 28. £117 ., 14*. .. 4rf. nearly.' 

29- ^750. 30. £13 .. 9*. „ 4i^. 

31. £600 32. 3ipwceut 33. 3^ years. 
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34. 4 per cent. 36. £676 „ I3s. „ Ad. 36. 15 months. 

37. 4 per cent 38. £520 ; and 6 per cent 

39. Gf. § 99 and § 102. 40. 16 months. 

41. £9 „ 12«. „ 3^; and £9 „ 16«. 42. £16^H, and £16. 



ExBBOiSB XIX. (Page 228.) 

1. 1 year » 4 months. 2. 11|^ months. 

3. 1 year „ 9 months. 4. £666 ,• 6«. » 8c?. 

ExEROiSB XX (Page 241.) 

1. ITOOstociL 2. £14ia 3. £32 „ 9t. „ 6t||^. 

4. £25M9t.„2f2H 5. £3000. 6. 3}}. 

7. 3750 stock, and the diminution of income £7 >, 10«. 

8. £18. 9. 12«. M llff^. difference. 10. £4200. 
11. £3025. 12. 3/x- ^3* 1200 stock. 
14. £1658 m5«. 15. The latter. 16. 114}$. 

17. £33 „ 17*. « llSff. 

18. £116»14«. Inthelattertheincomewouldbe£124„3«. 

19. £34 ,. 7t. ,• 9JK 20. £2 „ 10*. 21, 5,%, 
22. £818 M 8«. 23. An increase of £15 „ Zs, „ 0/^. 
24. 30000. 25. £58„15«. 26. £1 „ 18«. „ 6|(^. nearly. 
27. 1333i. 28. £53 „ 13*. „ Ij^frf. 29. 81j. 

30. £2612. 31. 4800, and £134 ^ 8#. 

32. Diminish it by 10'392d 

33. Income £46 „ 7*. „ 10^, loss £54 „ 2*. „ t^d. 

34. £1350 inyested. Increase in income £9, 

35. 13*. ,,2^;^. 36. 3;%. 37. 96|. 

38. The rates are g and W> ^hich are as 18 : 25. 

39. 1000 stock* 

40. The rates are 4^)7 and 4^, and these are as 6800 : 7221. 

41. As 3495 : 2778, or as 39 : 31 nearly, 42. 12600 stock. 
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EzEBCiSE XXI. (Page 249.) 

1. 19768 florins „ 3 stivers. 2. £734 „ 4«. 3. 4«. ,, 2d, 

4. 6iJ{ per cent. 6. 173^. 6. 648. 

7. £5 „ IZs, „ Ad, loss. 

ExxBCiSE XXII. (Page 256.) 

1. 24«. 2. \\8, 3. 16§ per cent 

4. 60 per omt I gained, and he lost 25 per cent 

6. 16jf. 6. Uj^. 7. 4*. „7K 

8. The former is better than the latter in the ratio of 9 : 8. 

9. 12i. 10. 18*.„4rf. 11. 7K 12. 70perceDt 

13. 1 lb. of cheaper to 2 lbs. of dearer tea. 14. 6«. „ 8^|V^. 
15. 3 : 13. 16. Al-^^8, 17. 15j{ per cent 

la 33J per cent 19. A^f^, 20. £1 „ 11*. „ Hid, 

21. 3} per cent loss. 22. 4*. 23. 50 per cent 

24. 42} per cent 25. £11*423, ftc. 26. 2*94 pence. 

27. 4 per cent 28. 15| per cent 29. £^0, 

30. 14*. 31. 72«. „6il. 32. 16 per cent 

33. \8,„M. 34. 25 per cent 35. 6 lbs. 36. £540. 

37« 50 per cent 38. 20 per cent 

ExEBOiss XXIII. (Page 275.) 

1. 311 square feet „ 66 square inches. 

2. 235 square feet „ 131f square inches. 

3. 4915 cubic feet „ 870 cubic inches. 

4. 128 square feet ,, 31^ square inches. 

5. 8 square feet „ 115| square inches ; and £Q „ I2s. „ Ofd 

6. £6 „ 3^.^11^. 7. 49 square feet „ 62 square inches, 

8. 26 yards „ feet „ 4 inches. 

9. 329 cubic feet ,, 918 cubic inches. 

10. 1 foot „ 3 inches. 11. 14 feet „ 4 inches. 

12. £4„3#. „4d 13. £7„7». „5ffl?. 

14. 76 square inches. 15. 512 square feet; £5 „ 13*. „ 9ld. 
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16. ^12„11*,„(%?. 17. jfiSi „ 7*. „ 6tV^. 

18. 4yd8. „2ft. „9H 19. 45^ yards. - 

20. 10 pieces. 21. £l „ 0«. ,, 2ld. 

22. ^22 „ 17*. „ 2iil. 23. U29f^,tLnd£l „S», „2ld. 

24. 210 square yards. 25. 5 too many. 

26. 3 yds. „ 7| ft. and £1 „ U. „ O^V^. 

27. H !Hft of an inch. 28. 785{ square feet 
29. £9„4*.„2rf. 30. £1 „ 169. ,, lO'^d, 

31. £1 „ 68, „ Sid. 32. 89 tons „ 6 cwt. „ 1 qr. „ 2 lbs. „ 8 ez. 

33. 115 cubic feet „ 30 cubic inches. 34. £4 „ la. „ Zfd, 

35. £5 „ lOs, 36. 130 square yards. 

37. 10«. „ l^d. 3a 15 feet. 

39. 1111010101; and 11001100; and 1465. 

40. 202329. 41. 2^1 '08. 42. 27^. 43. ^7^8. 



ExBECiBB XXIV. (Pago 294.) 

1. 18^ ; 53157-376 ; ^ ; 625^ ; '0016384. 

2. '004115226; 012345679; ^. 

3. (1) 29. (2) 39. (3) 93. (4) 108. (5) 246. 
(6) 378. (7) 735. (8) 817. (9) 418609. 

4. (1) 6-7. (2) 1-19. (3) 3-58. (4) Ol'S. 
(5) -0866. (6) -00987. 

5. (1) 1-414213 with remainder '000001590631. 

(2) 2-6457513 with remamder -00000003834831. 

(3) 3-16227 with remainder 0000484471. * 

(4) 8-774964 with remamder '000006798704. 

(5) 11*2249 with remamder '00161999. 

(6) 29 68164 with remainder '0002469104. 

6. (1) 3-21. (2) 5-432. (3) 4'16. (4) 17-036. 
(5) '02. (6) -0032. 

7. 2-23606, -70710, '22360, •07071. 

8. JH Mid -8164966. 9. '4, '126, -666, &C. 

10. ^ ; and 252982015 ; and '612372436. 

11. '000001, and '0053Z9. 12. 'd, '586, '350. 
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13. (1) 28. (2) 61. (3) 99. (4) 111. (6) 234. 
(6) 30X 

14. (1) '47, (2) 9-5. (3) 6-26. (4) '404 (5) -287. 
(6) -0313. (7) f (8) 37^. (9) -4601. 

15. (1) 1-259. (2) l'92931ia (3) 3036. (4) "96. 
(5) '40207* (6) '368. (7) '8879040. 

16. (1) 31. > (2) 28. (3) 36. 

17. 20^263, &c. Ibet la ^la 

19. 61023*377953 ; and 2005. 20. 54. 21. 3*3 feet. 

22. 12)1 minvtcf. 2a 999. 

24. '00010201, and. '1008, && 25. 48 feet 

26. 55j^iiichei. 27. 9'898979, &c; the latter. 

2a 3'33, &c feet. 29. 28-875 feet 30. 2, 4, 8 feet 

31. llfSeet 32. 20 yards kmg, 4 broad. 
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APPENDIX, 

CONTAINING EXAMINATION PAPERS. 



I. WincJmter College. Election, 1868. Arithmeiie for 

Boys under Thirteen yean. 

1. Write down the tables of linear and of euperficial 
measure^ and shew how the number of yards in a pole of the 
latter may be deduced from that of the former. 

2. Multiply ^^3764 „ ISs. „ 6^ by 90 ; and diyide 55 tons „ 
19 cwt „ 3 qrs. „ 27 lbs. by 96. 

3. Poor new houses are to be built : the estimated cost 
of (1) is ;g4949 „ 15*. „ 8rf., of (2) £4798 „ 8*. „ Id, of (3) 
£4501 „ I9s, yy 9d., and of (4) £5129 „ lit. „ lid, ; what will 
be their total amount ? and what, if the estimates be exceeded 
10 per cent. ? 

4. How many shillings in a continuous straight line would 
reach from Winchester to London, 64 miles, the diameter 
of a shilling being | of an inch ? and what would be their total 
value in pounds ? 

5. A yard, 63 feet long and 18 feet broad, is pared with 
bricks, each measuring 9 in. by 4^ in. ; required the number of 
bricks. 

6. If 15 men, working 13 hours a day, earn £95 „ Is. „ 3d 
in 26 days; how many hours a day must 17 men work, that 
their wages may amount to £84 „ Zs. in 24 days ? 

7. Find the sum, difference, product, and quotient of 3f 
and 2}. 

8. How long will an 18-gaIlon cask of beer last if 4^ pints 
be drawn from it daily 1 
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9. Brown oan mn 10 yards whilst Green runs 11 ; what 
start ought Green to giye Brown in a half-mile course in order 
to mako an even race ? 

10. How &r may a boy ride with his &ther, who leayes 
Winchester at 12*30, and wiU drive to Romsey (12 miles) in 2 
hours, so that he may, by walking at the rate of 3 miles an 
hour, be back by a quarter before 3, — ^in good time for school ? 



II. Winchester College. Election^ 1868. Arithmetic for 
Boys of Thirteen years and over. 

1. Write down the tables of linear and of superjicial 
measure, and shew how the number of yards in a pole of the 
latter may be deduced from that of the former. 

2. Multiply £3764 „ ISs. „ 6 jd by 95^ ; and divide 55 tons „ 
19 cwt „ 3 qrs. „ 27 lbs. by 96. 

3. A dstem is to be made 4ft. 9in. long, 3ft. „ 6in. wide, 
2 ft. „ 4 in. deep ; how many square feet of lead will line it, and 
how many cubic feet of water wiU fill it ? 

4. What is a gentleman's income who, after paying six- 
pence out of every pound of it, has ;£962 „ ISs. „ Zd, left ? 

5. If a boy can paddle his own canoe three quarters of a 
mile down the river in ten minutes, but without the aid of the 
stream would take a quarter of an hour ; what is the rate of 
the stream per hour ? and how long will it take him to return 
against it % 

6. Find the sum and the difference of the fractions 21| 
and 16|: also divide their sum by their difference, and theur 
difference by their sum. 

7. Reduce { of a guinea to the fraction of 15 shillings : 
and /q- of a crown to the decimal of 12«. Sd, 

8. In latitude 51<* the length of a degree of longitude is 
about 37'76 geographical miles : how many miles is Winchester 
from Dresden— both nearly in that latitude— the longitude of 
the former being V 20^ west, and of the latter 13* 40' east ? 

9. How many small cubes, whose edges are 2 inches, may 
be cut out of a large cube whose edge is 12 inches ? 
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10. At what rate simple interest would a sum of money 
amount in 2 years to the same, as at 4 per cent, compound 
interest ? 

11. A poor fellow, ignorant of arithmetic, had 68, „ ed, in 
his purse; he talked of spending i of it on cakes, i of it on 
fruit, and i of it on a knife : shew (1) his mistake, and (2) how 
he might have spent his money in proportion to the frac- 
tions he intended. 



III. Winchester College. Duncan Prize, -&flwfer,1869. 

1. Write down in words 7392586044001 ; and in figures 
five billions, twenty-one millions and thirty. 

2. Multiply 174560613 by 600417 ; and divide 

2358293184 by 3904. 

3. Add together 

13 , 125 ^ 7 J 14 - 25 - 4U 

and nmplify 

4. Multiply -5678 by '08765 ; and divide '76445 by -00625. 
6. Reduce gj, and I of^2 0^15 *'f2i to decfanal frac- 
tions. 

6. From 261 times ;fi35 „ 4*. „ 2d, take ^9089 „ 6*. and 

divide the remainder by 89. 

« i. 626 , . 

7. Extract the square root of 30712-6625 of -^ ; and of 

'000000133225. 

8. Find the interest of 125 guineas for 2J years at 4 per 
cent: and the discount of £63 „ 15*. for 15 months at 5 per 

cent 

. 14 lbs. „ 8oz. „ 18dwt. - - oi^ 

9. Find the valne of ^ ^^ ^\ ^ J^^ ^wt °^ °*- " ^^ 
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10. Find the greatest common measure, and the least 
common multiple of 128, 384^ 768, and 2304. 

11. If by selling wine at 12*. per gallon I lose 26 percent, 
at what must I sell it per gallon to gain 25 per cent. ? 

12. What will be the price of carpeting a room, 
24 ft. „ 9in. long, 19 ft. „ 6 in. wide, at IZs. „ 4d, per square 
yard? 

13. If a crew, which can row from ^ to ^ in 60 minutes, 
can row from ^ to ^ in 65 minutes, compare the rates of the 
stream and boat. 



IV. Mathematical Oollectioni, Eton, Lent, 1868. 

1 . A man commencing on January 1 , 1 867, spends 5«. „ 
a day, how much will he save in 5 years if his yearly salfu^ be 
£120? 

2. Simplify 

(4f of 3tV) - (2? of lV5r) + f - (1| Of 4f of ^). 

3. \% of a number exceeds f of half the number by 40^, 
find the number. 

4. The number of boys in Upper School at Election, 1866, 
was 760; at Election, 1867, 798. What is the increase on 
every hundred boys ? 

6. Simplify (and give the answer in dedmals) * — jy-^ — . 

6. If 40 men can reap 400f acres in 12i days, how many 
acres should 30 men reap in 3f days ? 

7. Find the value in days of '^85714 of a lunar month. 

8. If money be invested in the 3 per cents at 85, what is 
the real interest per cent, obtained on the money invested ? 

9. Find the discount on paying at once j^llll „ 11*. due 
3 months hence, interest being reckoned at 4 per cent 

10. A gardener plants an orchard with 7225 trees, and 
arranges them so that the number of rows of trees equals the 
number of trees in each row. How many rows were there ? 
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v. Mathematical Collections, Eton. Election^ 1868. 

1. Find the present worth of ^£682 „ ISs. „ 9^(1. due 3| 
years hence at 4^ per oent. 

2. A person sells j£5000 consols at 94|, and on their rising, 
ho sells j£5000 more at 95}; ho afterwards buys back tlie 
whole ;£ 10,000 at 96, how much does he lose ? 

3. What is the price of wheat when an additional profit 
of 3} per cent, would raise the price U, „ 9d. per quarter ? 

4. The wheels of a carriage are 11 ft and 7 ft. » 6 in. in cir- 
cumference. How many times will each wheel have performed 
a complete number of revolutions simultaneously in a mile ? 

6. If the price of gold in London is j£3 „ lOs, per oz., and 
the rate of exchange with Paris at par is 25*20 for 1 sov., 
what is the price of gold at Paris in English money when the 
exchange is 25*44 ? 

6. State and prove the rule for reducing a recurring deci- 
mal to a vulgar fraction. 

7. In a cricket match the scores in each successive innings 
are ^ less than in the preceding innings, and the side, which 
has had the first innings, wins by 50. What are the scores in 
each innings t 

8. A train having to perform a journey of 250 miles is 
obliged after 103 miles to reduce its speed by }, The result 
is that the train arrives at its destinatiun 1 br. „ 10 min. be- 
hind time^ what is its ordinary rate ? 

9. A cistern is kept constantly supplied with water. 
Supposing that it is filled to begin, it is found that 24 equal 
taps opened together will empty it in 5^ minutes, and 15 of 
them will empty it in 13, how many of them will empty it in 
33 minutes 1 



VI. Arithmetic. Eton. Easter, 1869. 

69 

1. How much is -■ of an acre ? 

160 

2. How much paper 2 feet „ 6 in. wide is requxrod for a 
room 27 feet „ 10 in. x 19 feet „ 8 in., and 16 feet high t 
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a Find the Talae of '45 of £l „ 3s. „ 9(L + '2tf of 

A. Find tiie iDtoertOD £1925 „ ISf. finr 27ean „ 8 months 
«t ^ percent 

5. What is the present Tshie of ^£2857 n 10#- ^"^ 12^ 
years hence at 3| per cent ? 

6. Messrs. Brown, Jones, and Bobinson engage in bon- 
ness. Brown pots in £500 for the first 4 months, and after- 
wards doubles it^ Jones puts in £3000 at first and tivbles it at 
the end of 6 months. Bobinson has £3500 in for 8 months^ 
and then leayes the concenL How ought the first year's pro- 
fit amounting to £10,000 to be difided among them f 

7. A train which goes at the rate of 21^ miles per hour, 
has got 57| miles on its journey at 6 o'clock. If it is timed to 
arriye at its destination at 10*18, what is the least pace at 
which a special can be sent after it to orertake it ! 



VIL Harrow School. Fifth Form. December, IS67. 

1. Find the least number which can be divided by 6, 9, 
12, 15, 21 respectiyely with remainder equal to their greatest 
common measure. 

2. Simplify: 

(1) »i+^+5i+i«fJ + iof|of|. 



(2) 



/1_1 l^l\ /!.! l.i\ 

/ 2 3 3 41 /4_6_6 81 

\2-^3 3-^4/ \4^6 6^8/ 



3. Add together A, g, ^, and ^; (1) as Yulgar 
fractions, (2) as dedmals, and prove that the two sums agree. 

4. Beduce r-z to a drcnlating decimal, and 3*0464 to its 

847 

equivalent fraction. 
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6, If 25 francs „ 25 centimes are equivalent to one pound, 
what fraction of a shilling is a franc ? 

9 9 9 

6. Find the value of - of a guinea + — of a crown + — 

9 
of 7«. ,1 6cf. — ^ of 2d., and express it as the decimal of 168, 

o 

7. If 5 men can reap a field 1400 feet long and 400 broad 
in 3 days of 14 hoars eaohi in how many days of 12 hours 
each can 7 men reap a field 1600 feet long and 700 feet 
broad? 

8. Find the difference between the interest and discount 
of ;£126 „ Ss. ,f 6d» for half a year at 3i per cent. 

9. A person sells out of the Three per Cent. Consols at 
91|, and buys in again when they have fallen 2^ per cent.; 
what difference will this make in his income if he now pos- 
sesses ;£800 stock? 



VIII. Harrow School, Fifth Form, 

1. A yard of Cambridge butter weighs 1 lb.; what should 
be the length of one pennyworth at 17^. per lb. ? and how 
many yards of butter does a man eat in a year whose consump- 
tion is at the rate of four pennyworth a day ? 

2. Find the contents of the smallest cask that can be filled 
by an exact number of any one of the following measures : 
^ pint, ^ gallon, 3 gallons, 5 gallons, and 9 gallons. 

3. Find the value of 

,,,,111 1 1 
(^) ^^4-^9+16^25^36- 

(^) 11-^54- 

Multiply the results together, and reduce the product to 
its lowest terms. 

4. Find the sum of *275 of ;£l + 103125 of 1 guinea -f- 
'00390625 of ;£1 „ 12«., and reduce the first of these quantities 
to the decimal of the second. 

T 
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6. A wiue merchant mixes together 20 gallons at I2s^ 30 
gallons at Ids., 40 gallons at 20«., and 10 gallons of water ; 
what must be the retail price so as to gain 10 per cent, profit? 

6. A boat is propelled by 8 oars, which take 10 strokes per 
minute, and it goes at the rate of 9 miles an hour. Find the 
rate of a boat propelled by 6 oars, which take 8 strokes per 
minute, when 5 strokes of the latter are equivalent to 6 of the 
former. 

7. Find the simple interest arising from ^325 „ ISs. „ Sd* 
at 4^ per cent, in 3^ years : also the amount due at the end of 
3 years if £'S6i) be lent at 5 per cent compound interest. 



IX. Harrow School. I^ifth Farm* 

1. Explain the terms measure, common measure^ and 
greatest cmnmon measure; and prove that every common 
measure of dividend and divisor is a measure of the remainder. 

Find the a.o.M. and l.o.m. of 1080, 672, and 756. 

4 6 3 

2. Find tlie greatest and least of the fractions r-: , — , — 

** 15 17 11 

by reducing them (1) to a common numerator ; (2) to a com- 
mon denominator ; giving reasons for the geveral steps. Divide 
the difference of the first and second by that of the second 
and third. 

3. In the International Exhibition is a mass of platinum, 
valued at ^£3840: given that platinum is worth 24«. per oz , 
and is 21 '15 times as heavy as water, of which a cubic foot 
weighs 1000 oz., find the length of the ingot, its breadth and 
thickness being taken as 6 in. and 4 in. respectively. 

Also find the length of an edge, supposing the ingot were 
a cube. 

4. Reckoning the lunar month from full moon to full 
moon, an interval (on the average) of 29 d. „ 12 h. „ 44 m., find 
(by practice) the length of 705 lunar months, and shew that it 
is very nearly an exact number of years. 

5. Express the height of a mountain, whose summit is 
' '"00 feet above the sea level, both as a vulgar and as a deci- 

^action of the earth's diameter (7926 miles) ; and find 
weight would represent it on a globe 2 feet in diameter. 



EXAMINATION PAPERS. 328 

6. Disdnguish between interest and discoant, and find 
both the interest and discount on ;£5208 „ 16«. for 2 years „ 
73 dajg, reckoning interest at 7^ per cont 

7. A person borrows ;£130 on the 5th March, and pays 
back ;£132 „ 10«. „ 6d. on 18th October : find the rate of m- 
terest charged. 

8. A capitalist in England, having invested £ 1 000 in Ameri- 
can railway shares at 70 dollars per share, wishes to sell out 
now that they are quoted at 75 dollars per share. In conse- 
quence of the suspension of specie payment, 100 dollars (gold) 
are now worth 110 dollars (paper) : will he gain or lose on the 
whole, and how much ? 



X. Neeld Medal Examination. Harrow School, 

1. What is the use of the ciphers in 1*006, 11001 ? 

Write in word^ the value of 100, supposing eight instead 
of ten to be the radix of the scale of notation. 

State and explain a common rule for dividing a number 
by 20. 

2. When are two numbers said to be prime to each other ? 
Shew that 8765, 13131 are so. What is their least common 
multiple ? 

8. A number diminished by one-tenth of itself is divided 
by 124, giving 144 as the quotient. What is the number ? 

4. State and explain the rule for reducing a vulgar frac- 
tion to a decimal fraction. 

Find the values of - -f- '01001 and of lO'Ol :•— . 

4 oO 

Give the value of the first figure in each of the quotients 

84 ;31 :^6Nl 

ly* 22' 193-2' 

5. The following rule is sometimes given to divide by 
3-14159. *' Multiply by 7, divide by 11, then by 2, and add 
one-eighth of one thousandth of the result" Find the error 
made in obtaining 10-r 3*14159 by this rule. 

6. A square board contains 280*0209 square inches ; find 
the length of a side ? 

y2 
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Alflo find the length of the diagonal true at least to an 
eighth of anindL 

7. Oompare 15^ cable feet and 2^ cdfaie Tarda. How 
many cubic 3-inche8 do th^ togetiier eontam f 

« 

& Disinigauh between abstract and concrete nmnbers. 
Whidiof the twomostaratiobe? What do yon mean by a 
unit of meaaQremeot ? 

What is the nnit of kngth, idien a mfle js 320 f 

9. What do you nnderstand by inyerse proportion ? 

A is inTorsely proportional to the square of B; A is 32 
when j9 is 1, what is A when ^9 is 60 ? 

10. In gold ore from Colmnbia 97 parts are gold and 
3 silver ; whilst in gold ore from California |ths are gold and 
Jth silver. Assuming gold to be worth 15 times as mnch as 
silrer, find how modi Colombian ore is worth 10000 ok. of 
Califomian. 

11. A and B are oat partridge shooting, A fires 5 shots 
to Bs 3, bat .^ kills only 1 in 3 shots, while B kills 1 in 2 
shots. When B has missed 36 shots, which has killed most ? 

12. £IS0 is divided amongst 66 men, women and children. 
The soms of the men's shares, women's riiares .and children's 
shares are in the proportion of 5 : 4 : 3, but their indiyidnal 
shares are as 3 : 2 : 1 respectively. Find the number of men 
and of women and of children. 

13. Find the amount of £62 „ lOs, in four years at 20 per 
cent, per annum compound interest. 

Also the amount of £500 in 3^ years at 4 per cent, com- 
pound interest 

14. The shares in a mine are £20 each. £2 „ IZs. „ Ad. 
is paid up and the shares are quoted at £46. The dividend is 
15«. per share quarterly. A holds 100 original shares. Find 
what interest he makes per cent ; and what he would make, 
and how much per cent, if he sold out and invested in 4 per 
cent stock at par. 

15. The polar diameter of the earth is 7899*114 miles and 

298*33 
its ratio to the equatorial diameter is ; determine the 

latter omitting fractions of a mile. 
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XL Ladie^ College, CheUenham. 

1. Explain the principle upon which numbers are repre- 
sented by figures. 

Subtract 4771213 finom 6020600, and account for each step 
of the process. 

2. What is meant by the Greatest Common Measure of 
two or more numbers ? and how is it found ? 

Ex. Find the o. o. m. of 

(1) 1236 and 1362. 

(2) 4067 and 2673. 

(3) 42237 and 75682. 

3. Why is it necessary^ before adding two or more vulgar 
fractions tcgether, to reduce them to a common denominator ? 
Find the value of 

(2) lJ + 4t+^+^. 

(3) 214-31 Of 2J of I + ^ of 31. 

4. What fraction 

(a) of £l „ Is, „ Id. is 12«. „ Ad, 7 
(f) of As. „ lid. is ;£1 ,, 2«. „ Aid, ? 

(c) of 2 acres „ 37 poles is 3 acres „ 2 roods ^ 1 pole t 

(d) of 6 days ^ 1 hr. ^^ 48 min. „ 7 sec. is 13 hrs. „ 16 mio. 

„ 17 sec. ? 

6. Simplify the following fractions : 
6 



(4) lMxl3i|^{ix| + 40|; 




6. ^ can mow a field of hay in 12 hours, and ^ in 16 
hours ; in how many hours will they mow it together? 
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7. Explain how a Tolgar fraction is redooed to a dednial 
fraction; and nnder idiatdBcawmtanffH tiie decimal will recur. 

Reduce to dedmals tho following Tnlgar fractional and 
prore the correctness of the resoliB bj redndng the oone- 
iponding dedmals to Tnlgar finctions : 

8. Perform the foUowing drnsions^ and explain deariy 
why, in the qnotients^ yon place the points where yon do: 

(1) 12-6 by -0012. (2) "00281 by 1-405. (3) D2916 by 1)012. 
(4) 816 by -0004. 

9. The imperial gallon contains 277'274 cubic indies. How 
many cubic indies are there in one pint ? and what is the 
weight of one pint of water, if one cubic foot weiglis 1000 
ounces 1 

10. Find the Talue of (1) 898 thmgs at 18ff. „ 7|^. each. 

(2) 421 things at £4 ,, 2#. „ 6|d^. each. (3) 72cwt. „ 3qrs. „ 
71b8. at £1 „ 4ff. „ 6d, per cwt. (4) 225 acres „ 1 r. « 19 p. at 
I3f. „ 2id, per acre. 

11. (a) The Frendi metre bdng 39*37 indies, how many 
yards is 3600metres? 

(b) The Torst being equal to 2 miles, how long will it take 
a man to travel 2500 yersts at the rate of 10 miles an hour ? 

12. Two trains are moving in the same direction on paral- 
lel h'nes of rails. The first is 75 yds. long, and moves at the 
rate of 40 miles an hoar: the second is 120 yds. long, and 
moves at the rate of 16 miles per hour. How long will the 
first train take to pass the second from the time of first over- 
lapping, till it is completely dear ? 



XXL Ladie^ College, Cheltenham. Midsummer, 1869. 

1. (i.) A certain nombw, composed of 6 digits, has the 
figure 2 in the place of units, and in that of hundred thou- 
sands ; the figure 1 in the place of tens, and in that of ten 
thousands ; a dpher in the place of hundreds, and in that of 
thousands. Write down the number in figures, and in words. 



EXAKIKATION PAPERS. 327 

(ii.) Whut is the meaning of the expression 11110 ? On 
what principles is it that each of the first foar figures in that 
expression, beginning from the left hand, has a different value? 

(iii.) In the preceding example what would be the effect 
of placing a decimal point, (a) to the right of all the figures in 
the expression ; (b) to the left of all of them ; {e) between the 
second and third figures from the left hand ? 

(2) Explain carefully the meaning of the following terms — 
multiplication, integer, product, quotient, common denomi- 
nator, multiple, measure, greatest common measure, decimal 
fraction. 

3. Simplify the following : 



(ii.) 


2 
3' 


3 


<4JX2^. 


(iii) 


3- 


-G 


1 



1 3* 

4. Demonstrate, with examples, the following rules, and 
discuss them. 

(L) If both the numerator and the denominator of a frac- 
tion be multiplied by the same number, the yalue of the frac- 
tion is not altered. 

(ii.) To multiply a fraction by a whole number, either mul- 
tiply the numerator or divide the denominator of the fraction 
by the whole number. 

(iiL) To divide by a fraction, multiply by its reciprocal. 

5. (i.) To what number can I add 7f so as to make 24^^ 7 

(ii) What is the product of the sum and difference of 
2 5 

J and - ; and what is the difference between their product 

and sum ? 

(iii.) What is the whole of which £5 „ 12 „6d.\B three* 
eighths ? 

(iv.) A school is composed of 3 divisions. There are 

12 1 

2^ths of the whole number of girls in the first; -th in the 
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second; and the rest, 80 in number, are in the 3rd division. 
How many girls are there altogether ? 

6. Suppose that it is required to redtice — to a decimal 

form: 

(L) What does this mean 7 

(ii.) Work the reduction true to 3 places of decimals. 

(iiL) Explain the reason for each step in the process. 

7. Divide 4*56 by 456, by 46'6, and by '456 : and verify the 
results by vulgar fractions. 

& (i.) A clerk copied *65 of £5 instead of 5*5 of £5. 
What was the amount of the error ? 

^) Mary owes Jane *6 of what Jane owes Elizabeth ; and 
Jane gives Mary five shillings to put the account between 
them all straight What is Jane's debt to Elizabeth 7 

(iii.) How much is 14*973 shillings of a ten-pound note ? 
and how much of a farthing 7 

(iv.) It takes 87 yards of carpet, 1*25 yards wide, to cover 
a room. How many more yards will it take if the width be 
•75 yard 7 



XIII. College of Preceptor $j 1867. 

1. Calculate, by practice, the value of 4 cwt. „ 2 qrs. „ 10 lbs., 
at £2 „ 188, „ Ad, per qr. 

2. Whatfractionofl?of£l„2*.„9rf.is^of6*.? 

14 

2 1 

3. A person having lost - of his money, found that - of 

o 3 

3f of what he then had was 2^ of £51 „ 8f . „ ^d, How much 
money had he at first 7 

4. If 9 women can do a certain piece of work mlllt days 

of 8^ hours each, how many days of 9| hours each will it take 

4 
5 men who can do = as much again as the women, to do 2f of 

the same work 7 

5. Reduce 2}^, to the decimal of half-a-guinea. Divide 
•014616 by 72 ; and 400*4 by •0572. 
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6. Find the value of 1*75 of 3^- 35 + ^ ; and of '14285? 

of Ifur. „ 18po. ^3yd«. 

7. If by selling 8 oranges for e%d., there be a profit of 10 
per cent., at what price per dozen must they be sold to gain 
21 per cent. ? 

8. If the discount on £249 be £9, simple interest being 
reckoned at 5 per cent, when is the same due ? 

9. What sum should be insured, at £2 „ 2s, ,, 6d. per cent, 
on goods worth £783, that the owner may recover, in case of 
loss, the value of both goods and premium ? 

10. What is the price of the 4 per cent, stock, when a 
person gets the same interest for his money as if he invested 
it in the 4^ per cents, at 90 ? 

11. Extract the square root of 1*7866?. 



XIV. Diocesan Training Colleges for National School" 

masters, 

Bbotiok I. 

1. Express in figures these numbers :— Seventy thousand 
and seven ; nine thousand six hundred and eight ; forty thou- 
sand nine hundred and seventy. Add them together, and 
take ninety-nine thousand and ninety-seven from the sum. 

2. Make a receipted bill of the following articles in the 
proper form (as a model specimen for children): — 7ozs. at 
9^. an oz. ; 13 lbs. at Is. „ 2d, per lb. ; 2^ yds. at 1 Id, a yard ; 
4^ doz. at is. f, Zd, per doz. ; 2 cwt. „ 1 qr. at 9s, per cwt 

3. A bankrupt owes £78: his assets are £53 ; if the cre- 
ditors only get *7s, „ 6d. in the pound, what was the amount of 
expenses incurred in settling the claims ? 

4. Write out the table of long measure. How many 
seconds are there in 74 days „ 19 hours „ 38 minutes ? 

5. The cost of covering a roof 18 yds. by 4 yds. amounted 
to £27 ; how much was that per square foot 1 

6. If a postmaster is allowed 1^ per cent, profit on selling 
postage stamps, what is his gain on a sheet of 120 penny 
stamps? 
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SSCTION II. 

1. Multiply 31,472 by 974, divide the product by 683. 
What must be taken from the quotient to lea?e exactly 100 ¥ 

2. Divide £16 among 18 persons. If the same sum were 
divided among 24 persons, what would be the difference of 
the share given to each ? 

3. Find the least common multiple of 12, 16, 20, and 30. 

SsonoN III. 

1. Beduce to its simplest form : 

32 j._13 

2 7 ^ 49 2i 

6_3 1__1 ^3 12 

6 6 3 11 8^35 

2. What fraction of 3cwt. » 1 <ir. „ 17 lbs. „ 3oz. is — 

o9 

of a ton? 

3. The price of gold in this country is £Z „ 17*. „ lOjrf. 
per oz., what would be the price of '0013 of an oz. ? 

SbctioitIV. 

1. Represent £3 „17«.„ 4d. as the decimal of ;£5 „ 14«. „6^. 

2. In a school there are 17 children 6 years old, 26 aged 
7^ years, 35 aged 9^ years, 20 aged 10 years, and 8 aged 12^ 
years ; what is the average age of all the children I 

3. Two clocks begin to strike 9 together; one strikes in 
25 seconds, the other in 20 seconds ; what decimal of a minute 
is there between their seventh strokes ? 

Section V. 

1. How long will it take to walk round a square field con- 
taining 13 acres „ 81 yards at the rate of 3^ miles per hour ? 

2. If a man's income is reduced from ^£750 to jC734 „ 7b. „ 6d, 
by income-tax, how much does he pay in the pound 1 

3. A house built for £664 is sold for £830; what is the 
gain per cent. ? If it had been built for £830, and sold for 
£664, what would be the loss per cent? Why do the rates 
differ? 
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Section VI. 

1. Divide 3672965 by 2 x 3 x 6 (short diyision). Explain 
every step of the process. 

2. What is the weight of air in a room 5 metres long, 
3 metres wide, 4 metres high, if 1 cube decimetre of air weighs 
'0018 kilogrammes? 

3. A and B fire at targets, having 35 cartridges each. 
A fires twice in 3 miDutes, and B three times in 5 minutes. 
How many times will B have to fire after A has finished ? 

Section VIL 

1. Find the simple interest on £742 „ 19«. „ 4(i, at 3^ per 
cent for 3 years „ 5 months. 

2. A person pays £550 for a bill of £605 due 2 years 
hence, what is the rate of interest ? 

3. If the three per cents are at 84, and a four per cent 
stock at 98, which is the best investment ? And if a man has 
£1000 to invest, what will be the difference in his income ac- 
cording as he purchases the one or the other ? 



XY. Diocesan Training Colleges, 
General. 

1. Exjdain fully the rule for division of one decimal frac- 
tion by another: and illustrate it in the following examples, 
(1) -0054-^70, (2) -054-5- -00007, (3) 5-4-7-700. 

2. If a man pay M2 „ 5s. „ lOd, income-tax, when the tax 
Is Id. in the pound, what is his net income ? 

3. How many yards of carpet 28 inches wide will be re- 
quired to cover a room 30 ft „ 6 in. by 18 ft. „ 4 in., and what 
will it cost at 4«. „ 9d. per yard ? 

4. What wages are due to a servant engaged at £14 
a year, who comes on March 1 1th and goes away on May 26th '{ 

5. The 25942nd number of The Times was issued on Oct 
18, 1867 ; in what year was the first number issued, and on 
what day ? 

6. A and B run in a race; B is allowed 15 yards start, but 
loses by 3 seconds, A having done a mile in 5 minutes „ 35 
seconds ; in what time can B run a mile ? 
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7. In a town of 15000 electors *72 voted for one candi- 
date and '125 voted for another; how many electors did not 
tote at all 1 

& Af By Cy can together do a piece of work in 20 days ; 
after 6 days A gives up and is succeeded by 2>, who does half 
as much again as A^ By or C could do in a day; when will the 
work be finished 7 



XVL Diocesan Training CoUegei* 

Section I. 

1. Add the following numbers : eighty-four thousand three- 
hundred and one, nine hundred and thirty-three thousand; 
forty-seven million six thousand three hundred ; and subtract 
from the result, two million eighty-one thousand and eighty. 

2. How often will a cart wheel 16^ feet round revolve in 
going a mile ? 

3. Write the following account as a bill, and find the 
amount : 16 yards of broad cloth at 21 s, „ 6df. per yard ; 18 
yards at 14^. „ 9d^. per yard ; 13 yards at 1 U. „ lOd, per yard ; 
14^ yards at 24f. „ 4d, per yard; 62| yards at 9«. „ 8d per 
yard. 

4. If a bankrupt pays \Z», „ *Id, in the pound, what will 
he pay on a debt of £4572 ? 

5. A piece of land is required which can be divided into 
allotments of 3 roods, 2 roods, 1 rood, 35 perches and 35 perches ; 
tiiere are to be 127 allotments of each size; how many acres 
must the land contain t 

6. A farmer paid j£780 for cows and sheep. Of this 
sum he paid j^350 for 25 cows ; if a cow cost seven times 
as much as a sheep, how many sheep did he buy with the rest 
of his money ? 

SEcnoK II. 

1. What is the difference between the thousandth part of 
a million and the 25th part of 20,000 ? 

2. What cash must be given with 24 yards of doth at 
8f . M H^' V^ 7<^ ^ P^y ^^^ 6 <^^- 0^ sugar at 38». per cwt f 

2 4 5 7 

3. Reduce ^, - , - , and r^ to fractions, having the least 

common denominator. 
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Section III. 

3 7 5 

1. Find the difference between j^z of 29^, and rr of ^^ 

104 *D 14 

of 3 J. 

3 

2. Express in pecks - of 1 qr. „ 3 bus. „ 2 pks. 

3. When the oz. of gold costs £3*89, what is the cost of 
'04 lb. 1 



Seotion IV. 

I. Express as a simple decimal the difference between 

3-11 ,7^9 
Sof-,and-ofjj. 

3. Reduce 118*37 feet (1) to the decimal of a mile, (2) to 
the decimal of a furlong, and (3) to the decimal of a yard. 

3. If 3 bushels cost 1*1 of a pound, what will 33'4 qrai 
cost at the same rate ) 

Section V. 

1. A sum of jC279 „ 10«. is to be levied by rate in a parish 
which yields a rental of £7850 ; what is the rate per pound ? 

2. If eggs be bought at 6 for three pence, at what price 
must they be sold to gain 20 per cent. 1 

3. If a family of 9 people spend £120 in 8 months, how 
much will serve a family of 24 people for 16 months at the 
same ratel 

Section VI. 

1. What will the paving of a court cost at 4jdl per yard, 
the length being 68 feet „ 6 inches, and the breadth 54 feet „ 
9 inches 1 

2, Explain the reasons of the following operations in 
simple proportion : 

(1) The reduction of the 1st and 2nd terms to the 
same name. 

(2) The multiplying the 2nd and 3rd terms together 
and dividing by the Ist, 
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3. The foot of a ladder 30 feet long is 14 feet from a 
bonse, and its top reaches the upper part of a drcalar window ; 
when the foot is drawn away to a distance of 17 feet from the 
house, the top reaches the lower edge of the window ; what is 
the diameter of the window ? 

Section VII. 

1. What sum of money lent at 4^ per cent per annum for 
7 mouths will yield interest ;£17 „ Os. „ 9id. 1 

2. 17 lbs. of tea worth 4g. per lb. is mixed with 25 lbs. 
worth 48, „ 8d. per lb. ; the whole is sold at 58. „ 4d. per lb.; 
what is the total gain, and what the profit per cent ? 

* 2 

3. One-fourth of an estate belongs to ^ ; of it to J9; and 

*f 

the remainder to C, which is worth £2,500 more than A^a 
share; what is the value of the whole ? 



XVII. Diocesan Training Colleges. 
General. 

1. Prore the Rule for dividing a fraction by an integer, 
and simplify the following expression : 

2. If a model of the earth were made with a diameter of 
20 yards, express as the fraction of an inch the height of the 
highest mountain, taking the earth's diameter as 7.900 miles, 
and the actual height of the highest mountain as 25,000 feet 

3. Find the cost of surrounding a bowling green 80 ft. by 
46 ft. „ 2 in. with a paved walk a yard and a half wide, at 
28, „ Sd. per sq. foot 

4. Owing to leakage^ the quantity of wine in a cask is less 

at the end of each year by Tx^th part of what it was at the 

beginning of that year. How much will be lost from a cask 
which now contains 100 gallons, in the course of five years ? 

6. Find the difference between the simple and compound 
interest on £4296 „ 10«. for three years at four per cent per 
amium. 
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6. A and B enter into partnership, A contributes £5500« 
and B jC3500. The agreement is that £120 is to be put by as 
an insurance fund annually, and the remaining profits to be 
divided in proportion to the capital subscribed. At the end 
of the year, A gets £435 „ 8«. „ Ad. Find the per centage of 
the whole profit 

7. Assuming that the distance of the horizon from any 
station in miles is approximately equal to the square root of 
one and a half times the number of feet in the height of the 
station above the sea level, find in miles the distance of the 
horizon from a balloon 25^000 feet high to three places of deci- 
mals. 

8. When the three per cents, were at 90^ I found that by 
selling out and investing in Indian four per cents, at 95, 1 
could improve my income by £24 „ 6«. What was the amount 
of my stock in the three per cents. ? 

9. A person near the sea shore sees the flash of a gun 
fired in a vessel steaming directly towards him, and hears the 
report in 15'^ He then walks towards the ship at the rate of 
three miles an hour, and sees a second flash five minutes after 
the first, and immediately stops ; tlie report follows in 10^''. 
Find the rate of the ship, taking the velocity of sound at 1200 
feet per second. 

10. A person walks to a town at the rate of 3} miles per 
hour, and rides back at the rate of 7^ miles per hour, after 
having rested half an hour. He then finds he has been absent 

4 hours „ 10 min. What was the length of the walk ? 

4 

11. At a school inspection - of the numbers in average 

o 

attendance were eligible for examination, but 25 per cent of 
the average number were absent Of those present and exa- 
mined 8 per cent failed in reading, and 14 per cent, in each 
of the other two subject& The grant on examination was 
£52 „ 16«., at the rate of 2«. „ ^, for each pass in each sub- 
ject Find the number examined, and the average for the 
year. 

XVIII. CivU Service Commissions. 

1. If by selling wine at I5s. a gallon I lose 10 per cent , 
at what price must I sell it to gain 15 per cent ? 

2. Find the cube root of 134217728. 
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3. Multiply -0621 by 48-92^. 

4. The content of a cistern is the sum of two cubes whose 
edges are 10 inches and 2 inches^ and the area of its base is 
the difference of two squares whose sides are 1^ and 1} feet 
Find its depth. 

5. If a man rows 10 miles in 2 hours and a half against 
a stream, the rate of which is 3 miles an hour^ how long would 
he be in rowing 5 miles with the stream 1 

6. What must be the rate of interest in order that the 
discount on £1936 „ IS8, payable at the end of 3 years may be 
.£207 „ 10*. „ ed. ? 

7. If 4S pioneers, in 5 days of 12^ hours long, can dig a 
trench 13975 yards long, 4^ yards wide, and 2^ yards deep ; 
how many hours per day must 360 pioneers work during 42 
days, in order to dig a trench 4910^ yards long, 4^ yards 
wide, and 3^ yards deep ? 



XIX. Civil Service Commissions. 

1. If a steamer makes the passage from New York to 
Liverpool (say 2760 miles) in 9 days „ 14 hours, and a train 
goes from London to Edinburgh (say 405 miles) in 18 hours : 
compare the rates of the steamer and the train. 

2. Find the square root exactly of 2515§ff. 

3. Extract the cube root of 5*78 to three places of ded- 
mals. 

4. Multiply by the method of duodecimals 3 ft. „ 1 in. „ 
11 pts^ by 2 ft. „ 6 in. „ 7 pts., and the product by 1 fL „ 7 in. 

5. Express the result of the last question in cubic feet^ 
cubic inches, and a fraction of a cubic inch. 

6. Divide 40S by 140?. 

7. Find the average of 21|, 73^, 0, 3*065, 82, 17^, 5i, 
9^ ; express the fractional part decimally. 

8. A person sells as many 3 per cent consols at 98f as 
produce £2000, and iavests this sum in railway stock, paying 
4^ per cent, at 93|. How is his income affected ? 

9. A person buys coffee at £5 „ I2s. „ 6d. per cwt. and 
chicory at £2 „ 5*. „ 5d, per cwL, and mixes them in the pro^ 
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portion of two of chicory to five of coffee. He retails the 
mixture at U, ,, 3^. per lb. What is his gain per cent. ? 

10. Find the true discount on £512 „ I5s, „ Zd, due 52 
days hence at 2id, per cent, a day. 

11. If 5 men can perform a piece of work in 12 days of 10 
hours each, how many men will perform a piece of work four 
times as large in a fifth part of the time, if they work the 
same number of hours in the day, supposing that 3 of the 
second set can do as much work in an hour as 2 of the first set 

12. A canal 10 miles long is 8 yards wide at the top, 6 
yards wide at the bottom, and 5 feet deep. How soon would 
the excavation of it be completed by 800 men, each removing 
on an average 15 cubic yards per day ? 

13. The rate of a clock is -0375 per cent too fast. How 
much will the clock gain in a week ? 

14. A vessel whose speed was 9^ miles per hour started 
at 8 o'clock to go a distance of 74 miles. A second vessel, 
whose speed was to that of the first as 8 to 5, starting from 
the same place, arrived 5 minutes before the first. When did 
the second vessel start ? 

15. At a siege it was found that a certain length of trench 
could be dug by the soldiers and navries in 4 days, but that 
when only half the navvies were present it required 7 days to 
dig the same length of trench. What proportion of the work 
was done by the soldiers ] 



XX. Civil Service Commission, 
(Averages and Percentages.) 

1. Find the average of 13^, 21, 7), *0023, 3}, 0, 106^, and 
67^ ; express the fractional part decimally. 

2. If by selling wine at 15«. a gallon I lose 6 per cent, at 
what price must I sell it to gain 17^ per cent. ? 

3. Of 32 selected candidates for the East Indian Civil 
Service in 1859, 3 were above 20 years of age when they went 
to India, 4 above 21, 12 above 22 and 23 respectively, and 1 
above 24. From these data find what is the average age at 
which the men went to India. 

z 
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4. A metciiaiit has teas worth 4s.„6{L and 3f . „ 6dL per 
lb, retpeetiwekff nlddi he ndzes in the proportkn of 3 Qml of 
the former to 2 of the latter, and sdb the mixture at 4fL ^ 4dL 
per lb.; what does be gain or lose per cent ? 

5. Between the jean 1841 and 1851 the population of 
England ino-eased 14*2 per oenl In the latt^ jear it was 
21,121290. What was it in the former jear t 

6. A person inrests £5460 in the 3 per ooits. at 91, he 
sells oat £2000 stodL when th^ hare risen to 93^, and the 
remainder when thej hare fidlen to 85 ; he then inrests the 
produce in 4^ per cents, at 102. What is the diffinenoe in his 
income? 

7. What nrast be the mailcet Tafaie of 6 per cent stock, 
in order that, after deducting the income-tax of lOd. in the 
pomid, it may jidd 0} per cent interest? 

8. If the Roman Catholics are 3 to 1 of the popnlation 
of Ireland, and the Protestant Dissenters bear the proportion 
of 2 to 3 to the members of the Established Church, find the 
proportion per cent, which the Protestant Dissenters bear to 
Vbe Roman Catholics. 



XXL Civil Service Cammienon, 
(Purchase of Stock, and Exchanga) 

1. When a 3^ per cent stock is at 93, find what price a 4| 
per cent stock must bear, tiiat an inyentment may be made 
with equal adrantage in dther stock. 

2. A person sells Midland stock, paying 6| per cent, at 
128^, and inrests in Great Western stock, paying 3 per cent, at 
72(. By bow much per cent will the interest of his inrest- 
ment be altered ? 

3. A person invests £5000 in the new 6 per cent Turkish 
Loan, issued at 08 per cent, at 2^ premium: how much stock 
will he have? and what rate of interest will the inrestment 
gire? 

4. What must be the market value of 3 per cent stock, 
in order that^ after deducting an income-tax of lOil in the 
pound, it may yield 3^ per cent interest ? 

5. What is meant by the par of exchange between two 
countries ? When is the exchange said to be against a coun- 
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try? Explain briefly why the course of exchange between 
two countries varies. 

6. If £3=20 Thalers ; 25 Thaler8=93 Francs ; 27 Francs 
= 5Scudi; and 62 Scudi=135 Gulden; how many Gulden 
=£1? 

7. A trader in Loudon owes a debt of 1,000 pistoles to 
one in Cadiz ; find what he gains by sending it to lym through 
France, the exchanges being ;£l»25*4 Francs; 19 Francs = 
1 Spanish Pistole; 4 Spanish Pistoles = ;£3. 

8. A person in London owes another in St Petersburgh 920 
roubles, which must be remitted through Paris. He pays the 
requisite sum to his broker, at a time when the exchange be- 
tween London and Paris is 25'15 francs for £1, and between 
Paris and St Petersburgh 1*2 francs for 1 rouble. The remit- 
tance is delayed until the rates are 25*35 francs for £1 and 
1*15 francs for 1 rouble. What does the broker gain or lose 
by the delay ? 



XXII. Examination /or Direct Commissions, 1866. 
« 

1. How many times Is £1 „ Us, „ 2d. contained in 
£162 „ Is. „ 4d. ? 

2. A man steps 2 feet „ 3 inches, how many steps does he 
take in walking 6 miles ? 

3. If 180 men can make a road in 15 days, in what time 
would 270 men make a road twice as long as the first ? 

4. If 7 fires burning 10 hours a day consume 4 tons „ 
] cwt. of coal in 30 days, how much coal will be consumed by 
20 fires in 12 days burning for 14 hours a day ? 

5. Find the simple interest on £5656 „ 5^. for 6 years at 
4^ per cent, per annum. 

6. Add together - of 3j, - of If?, and ^^ ; divide the 

5 7 ooo 

9 10 
result obtained by rr of t7 • 

7. It being given that 5^ yards, linear measure, make one 
poie or perch, find the number of square yards in an acre. 

A field is 55 yards long by 40 yards wide : express the area 
of the field as the fraction of an acre. 

Z2 



340 APPENDIX, OONTAIKIKO 

& Miiliaplj 21-56 bj 0035. BtTide "25 by 31-25. Yerifj 
tfaie last result hj Tolgar fractions. 

9. Find the Tslue of 125 of £8S „ 16ff.; and the Yalne of 
'S of 5 guineas. 

10. Determine hj bow modi the square of 1*732 diiSen 
from 3 : find the square root of 71 to three decimal places. 



XXIII. Examination far Direct Commissions, 1865. 

1. How many times is J17 „ I4s. „ 6d, contained in 
£655 ^ IZs. „ 5d. ? 

2. Find the price of a mixtm« of 1 cwt of black tea at 
39. „ 2^ a poondy with 20 poonds of green tea at 5f . „ 3^. a 
poond* 

3. If 20 lamp-posts are required to light a road 1600 yards 
long, how many will be required for a road 4 miles long % 

4. Find the cost of carpeting a room 34 ft. „ 6 in. long, by 
18 ft. M 4in. wide, at 3«. „ 9d. a square yard. 

5. Find the simple interest on ^9062 „ 10c for 6 years at 
3| per cent, per annum. 

231 77 

6. Subtract 2}} from 3^ ; and divide — by -^ , express- 
ing the result in its lowest terms. 

7. Multiply 24-35 by *074 ; and divide 1*8019 by 243*5. 

a Whatfractionof;ei„2f.„6^.is|of2«.„6d:? Find 
the Talue of '075 of £Z „ 5s. 

9. Find ('03)*, and extract the square root of 484*176016. 



XXIY. Examination for Direct Commissions^ 1865, 

1. Find the number of inches in two himdred thousand 
yards, and write the answer in words. 

2. If 53 articles cost £10 „ 7«. „ 7^ what is the price of 
eachi 

3. Find the Talue of 17 quarters „ 3 buahek y, 1 ga]l<m of 
^i Is. „ Ad. the peck. 
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4. In a piece of plate weighing 3 lbs. „ 9 ozs. „ 7 gn» there 
is alloy weighing 10 ozs. „ 8 dwts. „ 19 grs., what is the weight 
of the pure silver ? 

5. If the carriage of 8cwt. for 128 miles be 24s,, what 
weight can be carried 32 miles at the same rate for ISs, 1 

6. Reduce .-TxTtt to a decimal. 

7. Find the value of *3625 of £4. 

8. Express 1 acre „ 3 roods „ 26 poles as the decimal of a 
square mile. 

9. Find the simple interest upon ^830 for 16 months at 
3^ per cent, per annum. 

10. Extract the square root of 9042049. 



XXV. Direct CommisHom. November^ 1868. 

1. Multiply £l2^,lZ9,n^' ^1 1003; find the value of 

2. Express 132144 inches in miles, yards, and feet. 

3. If the average step of a horse be 2} feet, and that of a 
man 2^ feet^ how many steps must a man take in the same 
distance that a horse takes 1200 steps, and what is that dis- 
tance in yards ? 

4. If 16 fires consume 6 tons „ ^ <^^ o^ <^^ ^^ 21 work- 
ing days of 12 hours each, what weight of coal will be con- 
sumed by 24 fires in 7 working days of 15 hours each ? 

5. Thesimpleintereston£132„16«.for4yearsis£17„ 14«.; 
find the rate per cent 

88 889 

6. Subtract r^ from ^r^. Reduce to its simplest form 

the fraction ^ ^ 



n i_ j_ 

16 4 48 



13 13 13 

7. Express as a decimal ^S + y^ + j^+j^; divide 

818118 by 604. 

8. Find the difierence in money value between *86 of a 
guinea and *87 of a pound sterling. 
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9. Taking the length of the jesur as 365*25 days, expreea 
73*05 dajB aa the decimal of a year. 

10. Bednoe (-01/ x (1-25)*. Extract the aqoan root of 
729-05940121. 



XXYL Direct Commitsions, Maj/, 1869. 

1. Find the greatest number which will divide without 
aoy remainder each of the three nombers 

2622, 2793, 2736. 

2. Find the number of inches in 3 miles „ 1 fiirlong „ 
7yardsw 

3. Diyide 64 tons „ lOcwt „ 5lbs. „ 4oz. by 73. 

4. If the food of 123 men for 26 days cost £299,^16f.9 3dLy 
what is the cost of the daily food of each man ? 

5. If a man performs a journey of 200 miles in 8 days 
when he trarels 8 hours a day, bow many hours a day must he 
trarel at the same pace to perform a journey of 1125 miles in 
60 days ? 

6. Add together the three quantities 

12 

7. Find the yalue of y of £1 „ 7«. „ S^d., and express 

the result as a decimal of £10. 

a Find the number of square yards in 26*675 acres. 

9. What is the principal sum on which the interest for 9 
months at 4 per cent, per annum ib £61 „4s.'i 

10. Extract the square root of 25908100. 



XXYIL Admisnon to the Staff College^ 1863. 

1. Multiply £112 „ 5*. „ Sd. by 123. 

2. A bale of cotton weighs 3 cwt. „ 2 qrs. „ 15 lbs. ; 25 
such bales were bought at d^d. per pound and sold at U,.„ 0^1, 
per pound : find the profit on the transaction. 
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3. A tower 103 feet high cast a shadow, the length of 
which was 79 feet,, 3 inches; find the length of the shadow 
cast at the same time by a tower whose height was 68 feet „ 
8 inches. 

4. In English gunpowder, 75 parts by weight are salt* 
petre, 10 parts sulphur, and 15 parts charcoal. How many 
pounds weight of each ingredient are used in the manufacture 
of 16 cwt. of gunpowder ? 

5. The simple interest on £19687 „ 10«. for five years is 
£5414 „ U. ,1 3d. : find the rate per cent. 

6. (A) has £10,000 stock in the 3 per cents ; he sells out 
all his stock at 92j^ ; he then inyests the purchase-money in 
railway shares of £20 each which pay 6 per cent, per annum, 
(A) paying £25 for each £20 share : find the change in his 
income. 

7. Explain why dividing the numerator and denominator 

of a vulgar fraction by a whole number does not alter the 

numerical value of the fraction. 

3390 
Reduce the fraction to its lowest terms. 



8. Reduce to its simplest form 

2 

6 II 

+ - + =■ 



-i. 3 7 
25 




What fraction of 2^. ,, 6^. is -- of ^hL 

io 

9. Express ^ as a decimal fraction ; point out how the 

64 

denominator of this fraction indicates the number of dedmal 
places in the result. 

Find the value of -14285? ; and multiply -14285? by -fiS, 
expressing the product as a circulating decimaL 

10. Divide (-001)" by (-0002)1 Extract the square root of 
257050*014001. Extract the square root of 5^ to four decimal 
places ; and write down the true value of the remainder when 
the four places have been obtained in the rooti 
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XXYIII. Oxford Local Examinations. Senior Students^ 

1868. 

1. How many pounds are there in 91200 fEtrthings ? 

2. Divide £3050 „ 9s. „ lOj^. by 81. 

3. Find by Practice the yalae of 245 things at £3 „ I9s. „ 9{tf. 
each ; and of 7 cwt. „ 3 qrs. „ 26 lbs. at £1 „ lOs. „ 4d. per 
cwt. 

^ a- r«- 261 , 3 . 5 

4. Simphfy — - ; and — + —. 



3103' 



6 



« 3 " „ 6 

2 — 2 — 

4 6 



2 13 jL 

6. Add together « of a crown; jog of a guinea; 'S of 

18*. „ 6d.; and 416 of £1. 

6. Divide 024 by 60 ; 24 by 006 ; and 2*4 by 06. 

7. Express as Vulgar Fractions '375, '0375, OM. 

8. What Vulgar Fraction and what decimal fraction Is 

1^ feet of ^ of a mile ? 

9. Extract the square root of 49196196 and tMlG. 

10. Compare the simple and compound interest on j£119 at 
the end of three years, at 4 per cent, per annum. 

11. How many sovereigns are there in 80 lbs. of standard 
gold ? an oz. of standard gold being worth £3 „ 17*. „ lOjd. 

12. How many planks, each 13^ feet long and lOJ inches 
wide, will be required for the construction of a platform 64 
yards long and 21 yards broad 1 What will be the cost at Sjc?. 
per square foot ? 

13. If 5 horses eat 8 bushels „ If pecks of oats in 9 days, 
how long at the same rate will 66 bushels „ 3| pecks last 17 
horses? 



XXIX. Oaiford Loccd Examinations. Senior Students, 

1869. 
1. Find the number of pounds (Troy weight) in two mil- 
lion three hundred and fifty thousand and eighty grains. 
Divide 10 shillings among sixty persons. 
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2. Divide one thousand five hundred and forty-nine pounds, 
nineteen shillingB, and four pence one farthing, by thirty- 
one. Multiply one hundred weight twenty-seven pounds 
fifteen ounces by seventeen. 

3. Find by practice the value of 309 things at £2 ,, 18«. „ 4d. 
each ; and the cost of 7 cwt „ 2 qrs. „ 24 lbs. at £1 „ 7«. „ 5d. 
percwt 

? of IJ of 2J 

4. Simplify |g; and V-^--. 

9 "^12 4 

114 
6. Add together - of 2«. „ 6cf.; ^ of a guinea; r^ of 

£1 ; and 'Oli of £1 ,, 69. 

6. Divide 144 by 12 ; 144 by '6 ; and '144 by 'OlS. 

7. What part of a pound IsSd,! What decimal fraction 
is a scruple of a pound ? 

8. Cube 1'04, and extract the square root of 870014016. 

9. Oompare the simple and compound interest on ;£10 „ 8#. 
at the end of 3 years, reckoning money at 4 per cent, per 
annum. 

10. Which is the better investment^ the 4 per cents at 
120, or the 2^ per cents at 75 ? 

11. If £4 „ 14f. „ lO^d. buy 288 yards,, how many can be 
bought for i.'l „ 11«. „ 7^^ 7 

12. If 70 men dig 1 acre „ 2 roods „ 10 perches in 5 days, 
how many men will dig 2^ acres in 28 days ? 



XXX. Cambridge Local Eaaminatiani, 1863. 

1. Express in words and in figures, how much greater the 
value of one 6 is than the other, in the number 668457. 

2. Multiply 129847 by 468. If in the process you shift 
all the figures resulting from the multiplication of the multi- 
plicand by 4, two places farther to the left and then add, of 
what two numbers will the result be the product ? 

3. Divide 19094867 by 4009 : hence write down at sight 
the quotients of 3058867 and 252567 when divided by 4009. 
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4. Gire the roles for addition and subtraction of fractionflL 
Add together 10, 7J, ^, 4|, and 3J of i. 

5. . Compare the yalnes of the fractions 

11x4 12x3 10x5 , 11+4 
5x9' 4x10' 6x8' 5 + 9" 

6. Bednce 3 ac „ 1 ro. „ 20 po. to the fraction of 21 acre& 

7. Multiply 35*85 by 2*09 and 3*585 by '00209. 

8. Divide 005868 by '036, and arrange the divisor, divi- 
dend, and quotient in order of magnitude. 

39 
* 9. Bednce 77. to a dedmaL What is the equivalent deci- 

40 

39 
mal fraction ? What is done to — to bring it into this form? 

10. Reduce ^ths of ^£20 to the decimal of £100. 

11. Express the difference between 2'S3S and 2'535 (1) by 
a circulating decimal, and (2) by its equivalent vulgar fraction. 

12. If the area of a square field contain 824464 sq. yds., 
find the length of its side. 

13. DefiDo discount, and find the discount on a bill of £10 
due at the end of a year at 10 per cent. 

14. What sum of money is necessary to pay - per cent 

commission, and to purchase £5000 stock in the Funds when 
they are 92| ? 



XXXL Cambridge Local Examinations, Senior Students^ 

1868. 

1. Subtract 34876 from 72093, and explain the process. 

2. Find by how much the product of 567 and 809 is greater 
than their sum. 

3. If Si tons of coals are bought at ISs, per ton and sold 
at U, „ 2d. per cwt, what is gained by the transaction f 

4. Simplify 2j of 5J - If of 6^. 
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5. State the rule for converting any circulating decimal 
into a vulgar fraction, and explain it by means of the example 
•67. 

Find the value of '04§ of £l „ 128. „ 9|df. 

6. Divide '482 by 37*164 to four places of decimals. 

7. If 1 qr. „ 2 bus. „ 2 pks. of wheat be worth £.3 „ 11#. „ 9d.y 
how much wheat can be bought for £85 „ Ss. „ 4d. ? 

8. Find by practice the value of a farm of 105 acres ,, 
3 roods „ 16 poles at £32 „ U. „ Sd.'per acre. 

9. A cubic foot of water weighs 62^ lbs.; and a room 
18 ft „ 9 in. by 13 ft. „ 4 in. is flooded to a depl^ of 2 inches; 
what is the weight of water in the room ? 

10. In a village of 1000 people it is found that 515 are 
females. Find the percentage of males. 

11. Assuming that three hectares contain 35881 square 
yards, and that one hectare contains 10000 square metres, 
find the length of a metre. 

12. In coining shillings at the Mint a composition is used 
consisting of silver and copper in the ratio of 37 to 3. The 

price of silver being 68, „ 2d. per ounce, and the weight of a 

2 

shilling — ths of an ounce, what would be the exact value of 

the coin if it were all pure silver? 



XXXIL O^zford Eespansions. Michaelmas Temiy 1862. 

1. Find the value of ^^ ^[ ^, multipUed by ^ of 6. 

9019 

2. Define o.ojc and l.c.m. Reduce qg..of ^ its lowest 

terms; and find the L.OJf. of 4, 9, 16, 28, 42. 

4 

3. Reduce St. „ 6^. to the decimal of =r of a guinea ; and 

3 1 

-7 of a rood to the fraction of - of an Sucre, 

4. Multiply 111 by -Oil. 

Divide 8*4 by 7 and by *0007 ; and & by '61 
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6, Subtract '625 of a crown from £1*375. 

;;^ of - 
25 2 



6. Reduce to decimals xz of , and 8f ; and to fractions 



1'75, and '305. 

7. If a mina=£4 „ U. „ Sd,f reduce to minse £568 „ I5s. 

8. How many yards of carpet - yard wide will cover a 

floor 12 yards long by 6 yards „ 1 foot „ 6 inches broad ? 

9. If 9 men reap a field of 8 acres in 12 hours, how many 
men will reap a field of 28 acres in 18 hours ? 

10. Find the simple interest of £442 at 4 per cent for 5 years; 
and the compound interest of £500 at 3 per cent for 2 years. 

11. If a man spends as much in 4 months as he gains in 3, 
how much will he lay by in a year from an Income of £150 ? 

12. Find the income produced by £26260, if inrested in 
the 3^ per cents at 91. 

13. Diyide £154 between 4 persons, in the proportion of 
1111 

2' 3* 4* 5* 



XXXIII. Ojzford Betponsions. Trinity Term, 1865. 

1. Find the a.c.M. of 48849 and 59133, and the L.O.M. of 
3, 5, 7, 9, 15, 63. 

2. Dividel-(^ + i+ij)byl-Qof|ofl);and 

1 1 
find the value of — ^ 



^i-^n 



3. Reduce 1 lb. Troy to the fraction of 1 lb. Avoirdupois. 
How many minutes are there in =^ of a year +50 ^^ * 

week + — of an hour 1 

4. Multiply -000725 by 31*25, and divide the product suc- 
cessively by 625, 625, and '0625. 

5. Reduce to vulgar fractions 0015625, '0&, -031$. 
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6. Find theralue of 3*15625 of a £, and bring 3lb8. „ 
8 oz. to the decimal of a cwt. 

7. Find the square root of 106929, and of 4*1209. 

8. At the census of 1851 the population of Oxford was 
27,843 : at the census of 1861 the population was 27,560. What 
was the decrease per cent. ? 

(N.B. The answer need not be carried beyond 3 places of 
decimals.) 

9. A can walk 5 miles while B is walking 4. Supposing 
A to walk 6 hours a day, and B 7 hours a day, how many days 
will B take in walkmg a distance, which A can accomplish in 
14 days? 

10. Find the simple interest on ^354 „ 3«. „ 4d. for 3} 
years at 2^ per cent; and the compound interest on ^266 ,, 
\Z8, „ 4d. for 2 years at 3 per cent. 

11. A quadrangle is 50 feet long by 40 feet broad: it is 
crossed in each direction by a path 10 feet broad, and the 
remainder has to be turfed. How many strips of turf 1^ feet 
long and 6 inches broad will be required for the purpose ? 



XXXIV. Oaiford Responsiona, Michaelmas Term^ 1866. 

^ 2 1 

1. Find the ralue of i^— | ■*• ^a^d of ^ + 5-5^ + jg- 

— 1- — 
12 6 

2. X4500 is divided between A, B, O, D. A receires 5 ; 



2 
5 
3. Reduce 1 lb. „ 12 oz. (avoirdupois weight) to 'the frac- 

16 



B, C each •= of the remainder. How much is left for 2> 1 
5 



tionof lcwt„2qrs.; and — of 6*. „ Sd. to the fraction of a 



guinea. 

4. Express as vulgar fractions -001375, -68, 7'193l8; and 
divide 175 by -26, by 2*6, and by '0025. 

6. Find the value of i of a guinea + *126 of a pound 
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+ *208§ of a shilling + *5 of a penny ; and bring 10 weeks „ 3 days 
to the decimal of a year. 

6. Find the square root of 175*5625, and of 4080400. 

7. A can walk 10 miles in 2^ hours, B can walk 11 miles 
in 2} hours. They start to walk a match from London to 
Oxford a distance of 55 miles : which will arrive first, and by 
what amount of time will he win ? 

8. The profit made by selling beer at Id. per pint aboye 
cost price is 50 per cent. : what is the gain per cent, made by 
selling it at 6d. a gallon above cost price? 

9. Find the simple interest on £608 „ 6«. „ Bd. for 3 years 
at 4 J percent.; and the compound interest on £66 „ I3s. „ 4d. 
for 2 years at 9 per cent. 

10. What will be the cost of papering a room 20 feet long, 
12 feet broad, 10 feet high, with paper 2 J feet broad, at A^d. 
per yard, an extra ^d. per yard being charged for hanging ? 

1 ao 

11. A sovereign weighs — of an oz. Troy: how many 

sovereigns may be coined out of a piece of metal weighing 
1 lb. Troy ? This metal being composed of r^ pure gold and 

— alloy, what is the value (expressed in money) of an oz. of 
pure gold ] 



XXXV. Cambridge Previous Examination, First 

Division A, 1856. 

1. Explain "by what method we are able with only the 
nine digits and a cipJier {by our decimal system) to express 
any number however large. Gf. § 11. 

Multiply 2357 by 5, explaining clearly each step qfthe 
process and its reason. Gf. § 24 (a). 

Define multiplication. Of. § 22. 

2. (a) The income-tax of £1 is Is. „ id. ; what is it on 
£100 „ 17*. „ 6d. f 

O) A bankrupt pays Vis. „ 6d. in the pound; how 
much does he pay on £267 „ 6s. „ Sd. f 
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N. B. (a) and (J3) are to be done by " Practice," To iokat 
class qf examples is the rule applicable f Gf. § 82, 



(a) 1*. 
4d, 






£ i. d. 

100 ^ 17 „ 6 



5 „ „ 10^= tax at Is, in the pound 
1 „ 13 „ 7i= 4d. 



{P) 2s, ed. 



3. Reduce 



£6„ 14 „ 6 = ls.„4d. 

£ $. d. 

33 „ 8 „ 4 

7 

^233 „ 18 „ 4 

3f-2t . 



Hi^O 



15( to its most simple foTrm, 



713 
The fraction -1—1^1^ 

-§ 35 9_ 
"6 ^ 3" ^ i40 

4x7x3 
~ 3 X 28 

= 1. 

4. 7%« distance from Yarmx>uth to Norwich is 2Xi^miles, 
and from Cambridge to London 67 J; and tlie third class 
fares are Is, „ 3d. and Ss, respectively/ : how much would 
have to be deducted from the present third class fare per mile 
between Cambridge and London^ so that it might be just 
double tlhc third class fare per mile between Yarmouth and 
Norwich f 

Between Yarmouth and Norwich the fare per mile is 

15rf. X - , 

41 

Between Cambridge and London the fare per mile is 
2 



96 X 



115' 
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Now the double of — -r— w 77 . 

41 41 

rm. * 192 60 . 

Therefore tt^-tt=^^^' 

110 41 

7872-6900 972 ^ 
or ^'^•=— 47I5— =i7^6^^*P^°°y• 

5. (1) Multiplp £1875 „ 13#. „ S^d. by 21. (2) IHvide 
£2 „ 12». „ Zd. by U. „ 4id, (3) Reduce ^ qf £\io ihefrae- 

7 
<ion q/* 19«. „ 6^. (4) i^iTz^ a sum qf money which shall be 
the same /inaction of £^\ „ 9s, „ Id,, that 2 cwt. „ 2 qrs. ,, 10 lbs. 
is qf 36 cwt. „ 1 qr. 

(5) Prom the rule for the division qf two fractions, 
taking - -r - as an example, 

(1) 18^76 „ 13 „ 8| 

7_ 

13129 „ 16 „ li 
3_ 

39389^ 8,,3| 

(2) 62i*.^li*.=?2?xl 

= 19x2 
= 38 times, 

(3) i of 20#.^19iA = y ^ ^ = ^ ^«'' 

(4) 2 cwt. „ 2 qrs. „ 10 lbs. = lO^^;, 

qn. 

36 cwt „ lqr.=145; 
therefore tv^ 145 = — • 

14 14 

Now to find the sum of money which is — of 61 ,, 9«. ,, Id, 

14 
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£ t, A. A 9, d. 
14)61„9„l(4„7„9i 
6 
80 

109 
11 
12 

133 

7 

28 
00 
(5) For the dmsion of PractionB, Of. § 69. 

6. When are four quantities said to be in proportion f 
and shew by means qfyour d^nition, that 

6yds. „3qrs. : IZyds. „ 2grs. :: 6#. „ Zd. : £2 „ 17*. „ 2d. 

And deduce the method qf solving the folUywing question: 
" ^ 6 yds. „ 3 qrs. cost 6s. „ 3rf., what will 73 yds. „ 2 qrs, 
costP* 

For the definition of Proportion, Cf. § 88. 

Since 7^ = 93 » a^d 6^ ~ 98' ^® conclude that the four 

given quantities are proportionals. 

To solve the given question, we write the proportion as 
follows ; 

- 7di. ydi. t, 9, 

6| : 73j^ :: fi^ : Ans.^ 

then, multiplying together extremes and means, we obtain 
the following equality : 

4 2 4 ' 

■ u r A 147x7 343 

therefore Ans. = -^^ « -^ #. 

-iX2„17«.„2<JL 

7. (1) '2Z^tfe0 I2s. „ eid. to the decimal qf£l ; qf £1000 ; 
and </£000001. (2) Pind the value qf '790625 qf £1. 



(1) 12 



20 



6-76 



125626 
*628126 decimal of £1. 

▲ A 
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— 

Therefore the. dedmal of £1000 is -000628125. And the 
dedmal of £-000001 is £628125. 

(2) Bj iDflpection £790625= 15«. „ Off. 

8. Divide 1255 by 1*004; 12'55 by 1004; "012550 by 
1004000. 

IMwse 17tJ}if* iQ> 125' 8' 16 '^ deaimak, and 
then add them together. 

Reduce - of '375, and '0458ft to vulgar fraetione in their 

lowest temu, 

1-004) 1255-000 (1250 Ans. 
2510 
5020 
0000 

Whence the other quotients are '0125, 

and -0000000125. 

Also 17*013 + 12-3 + -032 + '625 + 3*3125 =33-2825. 

A • 5 ^^, 5 3 15 

Again, -x-375=-xg = ~. 

A ^ w^^eoA 4125 165 11 . 

^^^ ^^=90000 = 3600-240^^- 

9. Shetv that the fraction ^ i> not altered in value by 

mtdtiplying 3 into the numerator and denominator. How 
is it that in a decimal fraction we do not alter its value by 
bringing down to the right hand of the last figure any num- 
ber qf ciphers f (Gf. § 48 and § 66). 

10. JVhat sum must A bequeath to JB so that B may 
receive £1000 <tfter a legacy duty qf 10 ]^ cent, has been 
deducted^ 

If ^ of legacy =1000; 

legacy =1000 X — 

= 1111* 

= £1111 „ 2s. „ 2idL 
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11. Find th4 timpk and compound xnUrtH qf £625 t» 

2ytar$^percent, 

25)625 

25 

25)650 
26 
therefore in two years the simple int6rest=25x2— ;S50, and 
in two years oomponnd interest =25 +26 =£51. 

12. In fohai tim$ wiU £2500 doubU itseff <U 4 per cent, 

iimple intereitf 

100 «, . 

—-■25 years .diif., 

see this explained Ohap. zxr., § 96, Ex. 11. 

13. What mutt he the rate qf interest in order that the 
discount on £2573 payable at the end qf I year „ 73 days 
may be £93 ? 

£93, which is discount on the debt, is the simple interest on 
the present worth, yis. £2480, for 1^^ years, or for 1| years. 

Hence 100x1 : 2480x- :: Am. : 93, 

.in«. X 2480 X -• = 100 X 93, 

J 10 X 31 X 5 
248x2 
5x5 
8 
= 3^ rate of interest 

14. Shew that the interest obtained by investing a sum 
qf money in the 3 per cents, at 82^ is to the interest obtained 
by investing the same sum in the Sji per cents, at 93^ as 
34 : 35. 

By ** the interest obtained" is meant the true rate qf inter- 
est per cent, which is obtained; and the rates in the two cases 
given may be compared thus ; 

100x3 +^ 




lOOxSjTM 

A . 7 -? 1 ^ UK 

165 • 187 "■ 5 ' 17*^ • ^' 

. ♦ 

aa2 
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15. A gave 259, for tteo tiekeU (a ftrtt and second dan) 
from Nortoieh to Cdchssier; what did they coit him tepnh 
rately, if a first dan ticket from Norwich to Diss cost 
Zs» „ 6dy and a second doss cost 2s. „ dd.f Of course the 

fares throfughout the line are supposed to he always prcpor- 
tioncU to the distance. 

The 26s, must be divided into 2 parts, in the ratio of the 
stuns 'paid for the first and second class tickets to Diss ; i.e.in 
the ratio of a^ : 2|. 

First class fere=^ of 26=^ ^ ^ ®^ 25=14*., 

and 25 ~ 14 = 1 1* ., the second dass fare. 

16. ff in extracting the square root qf 0*2 you had by 
mistake "pointed" thus, 0'Sodo6, dc,, and then proceeded 
with the operation, and if after marking off the decimal 
places in your result you had discovered your mistake, what 
quantity would you have to multiply the erroneous result 
by, in order to correct it, without extracting the root of 0*2 
again f Find - the first three places qf decimals in this 
multiplier. 

The fignres in the erroneoos result wonld be 1414218, &c. 
Now if the dedmal places in this result be marked off 
'1414218, &c., this would be the approximate root of *02; 
therefore you haye been finding the root of '02, when yon were 
asked to find the root of '2. 

Now by the question 

^/C02)xaf=:^(•2), 

= >/(io) 

=31626, &c 



First Division 3, 1866. 

1. Explain our decimal system of Arithmetic^ and how it 
is that we are enabled with a few digits and a cipher to ex- 
press any number however great (01 § 11.) 

Define ''division.? Divide 3472 by 5, explainmg clearly 
the reason of each step of the process. (Ot § 27.) 
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2. (a) What i& the amount of income-tax paid on an an- 
nuity of 600 guineas, at IcL in the £1 ? 

0) An article which cost 6#. „ Sd. is sold for 8f. „ lOji/., 
what is the profit on £100 ) 

Apply the ''Rule of Practice" to Examples (a) and (fi). 
What is meant by ^ aliquot parts'' ] 

5. Reduce ^^ ^ * i -^^A *o »*• simplest form. 

If 1) of a sum of money ^^ of 6#. „ lOd^ find the sum. 

4. The distance from London to Cambridge is 67^ miles ; 
and from Tarmouth to Norwich 20^. The second class fares 
between the same places are 11«. and 2t. respectively: what 
would hare to be added to the present fare per mile (second 
class) between Cambridge and London, so as to make it exactly 
double the second cUss fare per mile between Tarmouth and 
Norwich ? 

6. Multiply £721 „ Ot. „ 6id. by 96 ; and divide 1283 cwt „ 
4lbs.by76. Reduce ^ of £1 to the fraction of li of £3 „ 6#. 

Prove the rule for the multiplication of two fractions, 

3 4 
taking as an example ^ ^ =• (Cf. § 66.) 

6. When are four quantities said to be in proportion ? 
Shew by means of your definition that 

£191 „ 12«. „ 6d, : £31 „ 10«. :: 366 days : 60 days ; 

and deduce the method of working the followiug question: 
" If 3 workmen earn between them £191 „ 12«. „ 6^?. in a year, 
in what time would they earn £31 „ 10«. ?" 

7. Reduce 2«. „ M, to the decimal of r^ of £I ; and of 

- of £1000 respectively. 

, Find the.value of '876 of 16#. „ 6<f. 

a Divide 12*66 by -01004 ; 1266 by 10*04 ; and -001266 

by 1004. 

7 
Reduce 101{> rr, ^^^ to decimals, and then add them 

together. 
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Reduce = of 1*375 and *i&857li to Tnlgar iiactionB in their 

lowest terms. 

3 

9. Shew that the fraction - is not altered in yalue by 

4 

mnltiplying 5 into numerator and denominator. How is it 
that we do not alter the ralue of a decimal fraction by bring- 
ing down any number of ciphers to the right hand of the la^t 
figure? (Cf. § 48 and § 65.) 

10. After payiug an income-tax of 10 per cent, a person 
has ^1250 a year ; what was his entire income ] 

11. Find the difference between the simple and compound 
interest of ;£3300 at 3} per cent for 2 years. 

12. In what time will ^£537 „ 16«. „ 8d amount to X591 ,, 
129. „ Ad. at 2^ per cent simple interest ? 

13. What must be the rate of interest in order that the 
discount on ^387 ,, 7«. „ l\d. payable at the end of 3 years 
may be £\\ „ 10«. „ \\d. ? 

14. At what price must the 3jt per cents, be, in order 
that a person may obtain an equal rate of interest by inyest- 
ing in them, as he- would by inresting in the 3 per cents, 
at 72? 

15. A person taking two tickets (a 1st and a 2nd class) 
from Norwich to Stowmarket receives 7«. ^ Qd, change out 
of a sovereign, how much had he to pay for each ticket 
separately, supposing that the 1st and 2nd class fares from 
Norwich to Diss are 3«. „ Sd. and 28. „ 9d. respectively ? Of 
course the fares throughout are supposed proportional to the 
distance. 

16. In extracting the square root of 0*003 you have by 
mistake ''pointed" thus 0'6o§Od, &c ; and proceeded with the 
operation and marked off the decimals accordingly. Without 
extracting the root of 0*003 over again, there is a certain 
quantity which if mtdtiplied into your erroneous result, will 
give a correct value of i^('003) ; find the first three decimal 
places of this multiplier. 



Second Division A, 1856. 
1« Prove that 5 times 27=27 times 5; and that 

\ of 3=? of 1. 
o o 
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2. (a) What is the diyidend on ^£2045 „ 16#. „ M. at 
6s, „ Hid, in the £? 

(/3) Find the value of 9 yds. „ 2ft , 10 in. at 6#. „ Ti^f. 
per yard. 

K.B. (a) and 0) both by ** Practice." To what class of 
examples is the Bole of Practice applicable ] what is the 
meaning of an aliquot part t 

3. Easter-day is always the Sunday directly ^//otoiftj^r the 
Jirst full moon which falls qfter March 20th. There will be 
a full moon on March 21st, 1866 (a Friday), February in 1856 
has 29 days, being a leap year. Find from these data when 
Easter Sunday fell in 1854. 

4. Find the area of a room 12 ft. „ 4 in. long by 10 ft „ 
5 in. broad, by duodecimals or cross multiplication. If, in this 
example, the room were not supposed to be a rectangular 
parallelogram, how would the answer hare to be interpreted ? 

5. Add together 

i of 2*. „ eicL-h^ of £^ „ 2#. „ 6i<i.+^ of £5 „ 7«. „ 3ldL, 
and reduce to its simplest form 

6. What fraction is U.„ eid. of 29. „ 5(i t and 5^ of 4} ? 

If ^ be 2} of B, B If of C; ^d 2> be 7i of C, what frae-. 
tionis^of2>? 

What is meant by '' reducing one quantity to the fraction 
of another''? 

7. A x>6rson rows from .^ to ^ (a distance of a mile and 
a half) and back again in an hour; how long would it have 
taken him if he had ''pulled" equally hard, and there had 
been a stream of 1^ miles an hour flowing from A towards B ? 

8. Divide 2*0271 by 1000, 20-21 by -001, 23*0142 by 121, 
23014200 by *012l9 and 2301*420 by 0*0012100. Prove the 
foregoing results by vulgar fractions, and reduce 

toadedmaL 

9. Find the value of '375 of a guinea ; and reduce 4#. „ *!\d. 
to the decimal of 0*01 of £1, and likewise to that of ;£0*01., 
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IOl When tre four qmntitieB and to be in proporti on ? 

The £Mir qoantiftieBy 1 lb. „ 4 os^ £23 „ IGjl „ 3tf^ jHS „ Ijl, 
and 1 lb. „ 9 os. taken in a certain oider are in pit^iortiony 
prore that they are so bj means of joor definition. What 
are concrete qnantitiea? Gan lib. „ 4oi. be mnltiplied by 
£l9„U.t 

11. If 2} of ^=1^ of (^+1 of ^), find two whole mon- 

ben whidi shall bear to eadi oth^ the ratio of A to B, 

12. If a oertain nmnber of woikmen can do a pieoe of 
w<m4c in 25 d&ja^ in what time will I| of that number of mefo 
do a piece of work twice as great, sapposing that 2 of the 
first set can do as mndi woik in an hour as 3 of the second 
set can in 1} boors, and that the second set wwk half as long 
a day as the first set ? 

13. A person inresting in the 4 per cents. receireB 4| 
per ceaai. interest for his money ; what is the ^ioe of stock ? 

14. How mndi stock at 92} mnst be sold ont to pay a 
bin of £715 « 17& doe 9 months hence at 4 p» cent simple 
interest! 

15. (a) (Hren thai the sqnare of 15334=235131556; find 
thai ci 153347) withont grang thron^^ the operation of 
sqoaring. 

03) Giren thai the sqnare root of 1038361 is 1019; find 
the sqnare root of 103876864. 

(y) Extract the cube root of ODl to 3 places of <i fM ?™^« f. 



Second Divitwn B, 1856. 



1. Prore that 29 mnltiplied by 15= 15 multiplied by 29. 

3 1 

Likewise that -rz <^l=jr of a 

2. (a) If a peraon's estate be worth £1384 „ 16#. a year, 
and the land be aasessed at 2«. „ ^d. pa> £, what is his dear 
annual income? 

(fi) What is the cost oi 39 cwt » 3qn. ,| 261b8. at £4 „ 
Vie. „ lOd. pa> cwt I 

N.R (a) and (fi) both by << Fractice." To what dass of 
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examples does, the ''rule of Practice" apply, and why is it so 
called ? 

What is the meaning of an ''aliquot part" 7 

3. Easter Sunday is always the Sunday directly /o/7<nrtn^ 
the first full moon which falls after March 20th : there are 
29^ days between any two consecutiye full moons : February 
1852 (being a "leap" year) had 29 days, and there was a full 
moon on April 18th, 1848 (a Tuesday). 

From these data, find when Easter fell in 1855. 

4. Find the area of a room 8ft. „ 4 in. long, by 12 ft. „ 2 in* 
broad, by duodecimals or cross multiplication. If in this ex- 
ample the room were not supposed to be a rectangular paral- 
lelogram, how would the answer haye to be interpreted 1 

5. Add together 

^ of 16*. „ 6id. + | of 12#. „ 10f^. + ^ of £2 „ 4#. „ 8|fl?. 
Reduce to its lowest terms 




6. What fraction is 1#. „ 5^. of ^d. ? and 2\ of 3} ? 
1 
2 



If ^ be ^ of 2§ of j&, and (7 be \\ oiB, what fraction is 



AoiCI 

What is meant bj ''reducing one quantity to the fraction 
of another" ? 

7. A person rows a distance of 1| miles down a stream 
in 20 minutes ; but without the aid of the stream, it would 
have taken him half an hour ; what is the rate of the stream 
per hour ? and how long would it take him to return against 
it? 

8. Divide *01 by 1000 ; 202 by -01 ; and 13099*52 by 
1)011008 ; and prove your results by vulgar fractions. 

Reduce f ^ of 11-02-^ of ll-8Woi to a decimal. 

9. Reduce 18*. „ ^d, to the decimal of Jgl, and likewise 
to that of XIOOO. 

Find the value of *785 of ^£10. 
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liL 

apply joar dcfinliaB to 
3ih..2oL; IjL.lid:; U. .TH; 4lbL „ S 
H to faa a proportML Gn 
III Mllijiiiiil ilii ■liillwtii Mil iiiBi I * 



IL Uli^(A-^^A\ = ^^(B^^l%mltmQ 



whole ■ndben wkkh ikdl be to cMh other s Ike nl» ef 
AtoB. 

12L If » Be« en perfbiK a pieee ef votk s IS dkja, 
wtamj mcB will y a tmrn a pieee ef wetk hilf as brge 
hi a m part ef the IBM. if ther WQik the seiM weBber 
orhoan a daj; Mpposap that 2 of the aeeo^ aet en do as 
mA work ia an hour as 3 of the fiiat set ? 

IX A peiaon iBiertiqf la the 4 par eeate. l e iJMie a 5 per 
eeot. for fail flMMiej ; irini b the price of stoA? 

14. inieDthe3pereeBla.aieatS0,faowmchalock 
be loldoat topaya bin of X690„3c .9dL dM9 BUBtk 
at 3 par enti. flHpie interert t 

IJl (a) Gim ihai the aqoaie of 10129 B 10SS96641 ; find 
the iqoaie of 101293 without goipg throiq^ the opentin of 



O) Gim thai tte sqoaie root of 105625 ia 32S^ fiad that 
of 10573009. 

Extiact the cobe root of 0*5 to 3 piaoes of dedmalL 



Odober, 1850. 



L What <flPD definition aiegiYen of aiqrfinctioinlsjiBboI, 

as for instance id ^1 Shew thai the one dcfinftinn inTolreB 

the other. 

And prore, without asmming any piope i tj of firactiona 

that - of ? = ^^. 
6 7 6x7* 

likewiaethat 5-5-|-= -^-. 

3 Z 
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; 



2. What fraction of 6i is 4( ? and show from your defini- 
tion of a fraction the correctness of your result 

If A^H of By and (7=2J of B, what is the ratio of A 
to CI 

3 8 2 1 

3. (a) Reduce 27' 20' 25' ^"'^ 3 ^ *^®"' ^^^ common 

denominator. 

03) Reduce to their simplest forms 

3 fi 4 

I 7iofi^ w 4i^2j;-^- 

4. State your rule for the division of one decimal by an- 
other, and apply it to the two following examples : 

10-836-^6-16 ; 1083-6-^6-16 : 

and prove the truth of each result by vulgar fractions. 

5. Perform the foUowing operation in decimals : 

2 

Likewise find the value of = of '03, determining the recurring 
period. 

CONOBETE NUMBEBS. 

6. Without reducing the whole sum to farthings, find the 

2 
correct value (to the fraction of a farthing) of = of ;£365 „ 4g. „ 

l\d. ; and divide the result by 11. 

7. Reduce to its simplest form, i,e. to days, hours^ &c., 
the following expressions : 

1 J of H of ^^'^^^^' of 3 days „ 2 hours. 

8. Do the following example by '' Practice." 

What is the tax on £1234 „ 16#. at Zs, „ 7^. in the pound ? 

9. If £l sterlmg = 10 florins^ 100 oents= 1000 mils ; how 
many florins, cents, &c. is £26 „ 10#. „ l\d. equal to 7 find the 
exact value with the decimal remainder, if there be any. 

Likewbe express the result in the form of the decimal of 
afiorin. 
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10. Apflty the oommoii roles for the imiltiplicatioii and 
dfriaon of decimalB to the two followiiig eiami^as : 
(a) Mvltii^ je360„ 7 florins » 4 cents „ 3 mils I17 230. 
(fi) I)iiride;M^„3ilorins„3oents„3ni]]8b]r/36„5ilorin8. 

Ill In France (irtiere the different tables are all adapted 
to dedmal ccwnpntation), the nnit of weight is a ''granim&'' 

A Idk^granuness 10 heetognunmess loodecagranmiess 1000 
grammes. 

If we had the same taUe of weights as in France, and had 
ponnds, floriiiSy cents, and mils, as defined abore in example 9, 
how shoold we find the price of 57 kilogr. „ 8 decagr. „ 4 gr. of 
any article which cost ;£17 „ 5 florins „ 7cents per kilognunme t 
find the exact result in florins, cents, &c. by means of decimal 
fractions. 

12. The exchange between London and Paris is 25'5 francs 
per pound sterling; between Paris and Amsterdam is 117 
francs for 55 florins ; between Amsterdam and Hambnigh is 
11 florins for 13 marks ; what ib the exchange between London 
and Hamburgh ? (i. e. how many marks is j^l sterling worth ?) 

13. Fmd the difference between the simple and compoond 
interest on £416 „ I3s, „ Ad. for two years at 2^ per cent 

14. At what rate per cent, simple interest will £936 „ 
13f. „ 4d. amount to £1157 „ It, „ ^d, in 4} years 1 

15. Apergon buys ^£'500 stock at 98} and seOs out at £103 ; 
what does he gain by the transaction 1 

16. At what rate per cent will a person reoeive interest, 
who inrests in the three per cents, when they are at 91 1 



Firtt Diviiion Ay 1857. 

1. Find the value qfnowt.„3qr9.„2l lbs.€U£l„6$.„4d. 
per act. 



qn. 
2 



1 
lbs. 14 
lbs. 7 



£ 


A 


d. 


1„ 


6 


«4 
17 


22 „ 


7 


«8 




13 


„2 




6 


„7 




3 


vH 




1 


„7| 



i 

23„12„4i 
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2. What U the least number o/doUare at 4f. „ 2d, each, 
which is equal to an exact number qf iovereignef 

£ 

A dollar, being 50 pence, is ^ ; 

£ 

tt ■ 

therefore 24 dollara « 24 x ^rr = ^£5. 

24 

3. Prove that the fraction ~ — ^ %» greater than - and 

6+7 6 

less than -z, . 
7 

n 5 11 6 

%,e. Compare g> jg* 7. 

These fractions become respectivelj 

455 462 468 



6x13x7' 6x13x7' 6x13x7' 

Therefore r^ is greater than - but less than z. 
lo o 7 

6 7 9x10 22J^ 
4. Seduce '"'^ + j^qfj^^--^ to itenmpleit form, 

2}+g 



?-5 * 5 



5 5^W V^^H 60 
2 6 



-12 1.4.? 3 

""6 '^20 4"4 

= 1 Ane, 

5. A man contracts to perform a piece qf toorfc in 30 
days, and immediately employs 15 men upon it; at the end 
qf 24 days the work is only haifdone; required the addi- 
tional number qfmen necessary toftdfil the contract. 

i, e. If 15 men do ^ the work in 24 days, how many men 

• 1 

will do - the work in 6 days? 
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Therefiinre 15x24 : xxe :: 2 ' 2' 

47x6=15x24^ 

Therefore ibe whole nnmber required to work at it for the 
remaimng 6 days would be 60; and as there were only 15 
originally, therefore 45 additional hands mnst be set on. 

6. Multiply '025 by 10000 ; and divide 10000 by -025. 

•025x1000=250. 
2-5) 1000000 (400000 

7. Convert % qf a florin and — of half'€Hrown into 
decimals of £5, 

?, or -4, of a>!brtn, divided by 10, and by 5, will be brought 
5 

into the denomination of £5. 

10 



•04 



•008 Ans. 
-^ of half-A-crown, divided by 8, and by 5, will also be 

brought into the denomination of £5. 



d 



•3 



•0375 



•0075 Am. 
8. Extract the square root of the product qf 1)04 and 
15'625. Of what number is '1 the square root f 

15^625 
•004 

•0^2*00 (-25 
4 



45) 225 
225 

since •lx-l=01; 

therefore '01 is the number of which '1 is square root 

9. If the tenth, the hundredth, and the thousandth part 
qf a pound sterling be called a florin, a cent, and a mil re- 
spectively, and a man's weekly wages are £2 „ 1 florin „ 
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2 cents „ 5 miU^ on which he pays an ineome-Uuo qf5 cents 
in the pound, find his net yearly income, and convert the 
result into pounds, shillings, and pence. 

Weekly wages are 2-126 

62 



But 



6 cents 



4 260 
106 26 



A 



110*600 yearly wages 
6-626 tax 



104*976 net income 
therefore, by inspection, £104 „ 19*. „ ed. Ans. 

10. Find the compound interest on £200 in 3 years at 6 
per cent, per annum, • 

What sum ioill amount to £2316 „ 6#. in 3 years at 5 per 
cent, compound interest t 



^ 



A" 



200 
10 



210 principal of second year 
10*6 



220*6 principal for third year 
11-026 



231*626 amount at end of 3 years 
therefore £31 „ 10#. „ 6d, Ans, 

Also knowing from this the amount of £200 in 3 years 
at 6 per cent, we state 

200 : a :: 231JJ : 2316^, 

9261 ^^^ 9261 

d?=2000 Ans. 

11. Find the present value <\f £416 „ 8*. „ 8rf. due 9 
months hence, allowing 4 per cent, per annum interest 

|of4=3, 

103 : 416^2 :: 100 : Ans. 
103x^«*.--^g^^-xl00, 
Ans. - -^ =£403 „ 6#. „ 8d 
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12. A fixed rent of £780 per annum is converted into 
a com rent qf one^half wheat at 48«. per quarter ^ and the 
other haif barley at 30«. per quarter. What will he the rent 
when wheat hoe advanced to 56«. and barley to 32«. per 
quarter f 

The ambigaons ezproBsion ''a fixed rent is oonyeried into 
a corn rent of one-half wheat and the other half barley," 
may be taken to mean either that the sum of £780 was paid 
in eqtuU quantities of wheat and of barley ; or that ha(f of the 
rent was psud in wheat, and haifia barley. 

Assuming first, that a certain fixed number of quarters of 
wheat were always to be paid, and the eame number of quar- 
ters of barley, (the number of quarters is not required, but 
would be found on trial to be 200), we should have 

wheat at 48 wheat at 56 

barley at 30 barley at 32 

78 88 

therefore . 78 : 88 :: 780 : Am. 

£880 Ane. 
But if half the value of the fixed rent be paid in wheat and 

^ half in barley, then ^ or £390 is value of the wheat and £390 

the value of the barley. Also £390 when wheat is at 48#. per 
quarter gives 

<in. 
65 qn. qn. 

Mji?5 = ?i2?i = ??5 = 162i. 
^^ 2 2 

w 

2 
And £390 when barley is at 30#. per quarter gives 

qn. 
3iO|_?i=. 130x2 = 260. 

And assuming that the value of 162^ quarters of wheat and 
of 260 quarters of barley were always paid, we have 

value of wheat, 
qn. 65 7 £ 
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value of barley. 

and — \,r" = 13 x 32 = 416 

and 455 + 416= 871 Ans. 

13. A person invested £4410 in 3 per cents, consols cU 
90 ; at the end of the year he sold out at 93^ and invested the 
proceeds in Russian 4J per cent, stock at 98. What addition 
is thereby made to his income f 

90 : 4410 \\ 100 : ^, 
49 

^=£4900, the stock originally held, 
from which £147 was the income obtained. 

Jle now transfers his stock ; tiierefore 

93j^c 98 ::^:4900, 

1S7 
98 X a? = ^ X 4900, 
*i 

^=4676 Russian stock, 

from which £210 „ 7«. „ 6(f. was the income. 

Hence (£210 „ 7*. „ 6fl?.) - £147 = £63 „ 7*. ^ 6d. the addi- 
tion required. 

14. ffthe estimated annual value of the property in a 
certain parish consist qf the yearly rent paid to the Land- 
lord together with the rates, and the rates he calculated 
upon the rent after a reduction qf 30 per cent. ^ find tlis rate- 
able value cfa tithe rent charge, the estimated value qf which 
is £663 per annum, when rates are Zs, in tJie pound. 

Estimated value = rent + rates. 

Rates are 3«. in the pound, or are — of rateable property; 

3 

therefore estimated value = rent + -^ of rateable property. 

But rates are calculated on rent less 30 per cent, i.e. on rent 

3 7 3 7 

less rj: of rent, i. e, on •— rent ; therefore rates are - of - 

Xv Xv Mv Xw 

of rent, or are k- rent. 
' 200 

BB 
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Bat eBtimiied Tiliias^Rnt+nitoB 

221 , 

=200"**' 

221 

tfaerefore ^^^200 '™** 

3 £ 
mxaoo=3«\xrent, 

GOO=re&t 

takeoff 180,idiidii8 30peroeDtofibUy 

and thov ranams 420, rateable Talae. 



Fint Division B, 1857. 



1. IliidtlieTab]eof35cirt.„3qn.„14lbB.at;£l:,19if.«^. 
per cwt. 

2. Wbat Is the least number of dollara at 4s. „ 3d. eadi, 
wfaicfa Is equal to an exact number of sorereigns ? 

than -. 

4. Reduce to its smiplest form 

5 



U 



12 6 , 9x5 llj 
+ i:Of * 



_- 5 "7 14x3 15 

Iz + TT. 

* 12 

5. A man contracts to perform a piece of woik in 60 days, 
and immediately employs upon it 30 men : at tiie end of 4S 
days the woiic was only half done; reqniied the additional 
men necessary to fulfil Uie contract. 

6. Multiply -075 by 10000, and divide 10000 by "075. 

1 3 

7. Conyert - of a florin and ^ of half-a^crown into ded- 

5 ^0 

nuds of £5. 

8. Extract the square root of the product of DOl and "625. 
Of what number is '01 the square root 1 
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9. If the tenth, hundredth, and thousandth part of a 
' pound be called a florin, a cent, and a mil respectiyely, and 

a man's weekly wages are £2 „ 9 florins ,, 7 cents „ 6 mils, 
upon which he pays an income-tax of 5 cents in the pound, find 
his net yearly income, and convert the result into pounds, 
shillings, and pence. 

10. Find the compound interest of ^£600 in 3 years at 5 
per cent per annum. 

What sum will amount to ;£6945 „ l5sAn 3 years at 5 per 
cent compound interest ? 

11. Find the present value of ;£428 „ 15«. due 5 months 
hence, allowing 6 per cent per annum interest 

12. A fixed rent of ;£1170 is converted into a com rent of 
one-half wheat at 48s. per quarter, and the other half barley at 
309. per quarter. What will the rent be when wheat has ad- 
vanced to 66«. and barley to 32«. per quarter I 

13. A person invested ;£2205 in the 3 per cent consols at 
90. At the end of a year he sold out at 93^, and invested the 
proceeds in Russian 4^ per cent, stock at 98. What addition 
is thereby made to his income ? 

14. If the estimated value of the ])roperty in a parish 
consist of the yearly rent paid to the landlord together with 
the rates, and the rates be calculated upon the rent after a 
Induction of 30 per cent, find the rateable value of a tithe rent 
charge, the estimated annual value of which is £884 per an- 
num, when the rates amount to 3s. in the pound. 



Second Division A^ 1857. 



1. How many pounds of tea at As, „ ^d, per pound can be 
bought for £12 „ 109. ? 

2. If 14 men can do a piece of work in 18 days, in how 
many days will 24 men do it ? 

3. Add together ~ » > t > a,nd - , and subtract the sum 

2 3 4 5 

from Ij. 

4. What firaction of £58 „ 5». „ 6tf. is ^^ of £17 „ 2*. „ 3d, ? 

BB2 
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5. The net rental of an estate, after deducting Id. in the 
pound for income-tax and 5 per cent, on the remainder for the 
expenses of collecting, is £479 ^iU' „ l(kl,y what is the groBA 
rental? 

6. Mnlti|^7 1075 by '0101, and diride the prodoct hj '43. 

7. Add together 2-01)5 hoars, '07 days, and -05 weeks, and 
9xprem the sum as a decimal of 365'25 d&ysw 

8. The soHace of a cube is 86*64 sqnare feet^ what is tho 
length of an edge 1 

9. A bonkmpt has book-debts equal in amonnt to his lia- 
bilities, bat on £3000 of them he can only reoorer e»,„Sd.m 
the pound, and the expenses of the bankmptcy are 5 per cent 
on the book-debts; if he pays 11#. in the poond, what is the 
amount of his liabOities ? 

10. What will £360 amount to in 4 years and 2 months 
ni £Z „6s. „Sd, per cent. -per annum, simple interest ? 

In what time will a sum double itself at the above rate ? 

11. Find the discount on £31 „ 13#. „ 4d, due 4 months 
hence at 4 per cent, per annum. 

12. If a cubic foot of marble weighs 2*716 times as much as 
a cubic foot of water, find the weight of a block of marble 
6 ft „ 4in. long, 1 ft, „ 6 in. broad, 1 ft. thick, supposing a cubic 
foot of water to weigh 1000 oz. 

13. A tithe-rent of £385 per annnm is commuted in equal 
parts into a corn-rent consisting of wheat at 56#. per quarter, 
barley at 32«. per quarter, and oats at 22«. per quarter ; find 
itH value when wheat is at 64s. per quarter, barley at 449. per 
quarter, and oats at 24jr. per quarter. 

14. The receipts of a railway company are apportioned in 
the f(;llowing manner ; 48 per cent for the working expenses, 
10 ][)er cent, for the reserve fund, a guaranteed dividend of 5 
per cent, on one-fifth of the capital, and the remainder, £32000, 
for division amongst the holders of the rest of the stock, being 
a dividend at the rate of 4 per cent, per annum ; find the 
capital and the receipts. 



Second Divinon B, 1857. 

1. How many pounds of tea at 4i, „ 2d. per lb. can be 
bought for £37 „ lOtf. 1 
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2. If 12 men can do a piece of work in 20 days, in how 
niany days will 16 men do it ? 

3. Add together^, i, 1 and J, and subtract the m>m 
from 23. 

4. What fraction of ifil74 „ ies.„6d. is ~ of £34 „ 4s. „ ed, 1 

5. The net rental of an estate, after deducting *!d. in the 
pound for income-tax and 6 per cent, on the remainder for the 
expenses of collecting, is ;£959 „ 3^. ,, Sdr, what is the gross 
rental ? 

6. Jiiultiply 3*225 by '0101, and divide the product by -216. 

7. Add together 12*57 hours, '42 days, and '3 weeks, and 
express the sum as a decimal of 365*25 days. 

8. The surface of a cube is 346*56 square feet, what is the 
length of an edge ? 

9. A bankrupt has book-debts equal in amount to his lia- 
bilities, but on £6000 of them he can ouly recover 13«. „ 4d. in 
the pound, and the expenses of the bankruptcy are 5 per cent 
on the book-debts ; if he pays 13s. in the pound, what is the 
amount of his liabilities ? 

10. What will £480 amount to in 3 years and 3 months at 
£4 ,» 3s, „ 4d. per cent, per annum, simple interest ? 

In what time will a sum double itself at the above rate ? 

11. Find the discount on £158 „ 6«. „ Sd, due 4 months 
hence at 4 per cent, per annum. 

12. If a cubic foot of marble weighs 2*716 times as much 
as a cubic foot of water, find the weight of a block of marble 

9 ft. „ 6 in. long, 2 ft. „ 3 in. broad, 2 ft. thick, supposing a cubic 
foot of water to weigh 1000 oz. 

13. A tithe-rent of £310 per annum is commuted in equal 
parts into a corn-rent consiHting of wheat at 568. per quarter, 
barley at 32«. per quarter, and oats at 22«. per quarter ; find 
its vsdue when wheat is at 648. per quarter, barley at 44«. per 
quarter, and oats at 248, per quarter. 

14. The receipts of a railway company are apportioned in 
the foUowing manner ; 48 per cent, for the working expenses, 

10 per cent, for the reserve fund, a guaranteed dividend of 5 
per cent, on one-fifth of the capital, and the remainder, £48000, 
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for dirisioQ amongst the holders of the rest of the stock, bein^ 
a diridend at the rate of 4 per cent, por annum ; find the 
capital and the receipts. 





October^ 1857, {A). 

1. Which is the more valuable crop, wheat yielding 5 quar- 
ters the aero and selling at 6«. „ 9d, per bushel, or barley 
yielding 6 quarters „ 6 bushels the acre, and selling at 4f. „ IQd, 
per bushel ? 

2. A tradesman by selling an article for 68, gains 20 per 
cent., what was the cost price ? » 

3. Find the difference between 

11 1^1 
2 3^3 4 . 

r^ in 

2"^3 3 4 

4. From ^ of ^ of a penny subtract j of ^ of g of a 

shilling. 

5. If standard gold worth ^3 „ Vis, „ \{)ld. per oimce be so 
far alloyed as to be worth only ^3 „ 16jr. „ 1^. per ounce ; 

^ find the least number of sovereigns made of the alloyed gold 
which shall be equal to an exact number made of standard 
gold. 

6. Divide 14*4 by 0012, and also by 1200. 

7. Add together 1675 yards, 1*3125 feet, and 11*25 
inches, and convert the sum into the decimal of a mile. 

8. If the diameter of the fore-wheel of a carriage be 2 
feet „ 3 inches, and that of the hind- wheel be 3 feet „ 6 inches, 
find how many times oftener the one will revolve than the 
other in a distance of ten miles, having given that the cir- 
cunference of a circle is to the diameter as 3*1416 to 1. 

9. A person invests a sum of money in the 3 per cent con- 
sols at 88, and at the end of 4^ months, after receiving one 
half-year's dividend, sellis out at 87|^. At what rate per cent. 
per annum does he receive interest for his capital ? 

10. Find the compound interest of £800 for 2 years at 5 
*)er cent, per annum. 
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What difference will it make if the intereet be charged 
half-yearly instead of yearly 1 

11. What is the present worth of £257 „ 10«. doe 8 months 
hence, allowing 4^ per cent, per annum interest ? 

12. Extract the square root of 66537 and of '65537, each 
to three places of decimals. 

13. Gunter's chain consists of 100 links, and a rectangular 
area 10 chains long by one chain broad contains an acre ; find 
the area of a rectangular field whose sides are 66 chains „ 25 
links, and 25 chains „ 20 links, respectively. 

1 4. The governors of Queen Anne's bounty advance £845 
on mortgage of a living on the following conditions ; the prin- 
cipal to be repaid in 30 years by equal annual instalments, 
and intorest at the rate of 3^ per cent, to be charged on the 
part unpaid. If the sum due in any particular year be 
£43 „ ISs, „ 9id,, find how many previous annual payments 
have been made. 



October, 1857, (B). 

1. Which is the more valuable crop, wheat yielding 4 
quarters „ 4 bushels the acre and selling at 6«.„ 3ef. per bushel, 
or barley yielding 6 quarters the acre and selling at 4$, ,,. Sd» 
per bushel 1 

2. A tradesman by selling an article for 6#. gains 20 per 
cent., what was the cost price ? 

3. Find the difference between 

1 1 1_1 1 1 l_i_ 

3"4^4 5 ,„., 6 ""8 8 10 
_.+ — and^. 

3'*"4 4 5 6^8 

4. From l:of\o(\ofB, shilling subtract 5^ of 5 of a 

340 Ji o 

penny. 

5. If standard gold worth £3 „ 17*. „ lOj^. per oz. be so 
far alloyed as to be worth only £3 „ 12*. „ 3|ef. per oz. : find the 
least number of sovereigns made of the alloyed gold which shall 
be equal to an exact number made of standard gold. 

6. Dividel2-lby0011, and also by 1100. 
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7. Add together ^£16 75, 1*3125 shillings, and 11*25 pence, 
and convert the result into the decimal of ^25. 

8. If the diameter of the fore-wheel of a carriage be 3 fL 
and that of the hind-wheel be 4 ft. „ 6 in^ find how many times 
oAener the one will revolve than the other in a distance of 
5 miles, having given that the circumference of a circle is to 
the diameter as 3*1416 to 1. 

9. A person invests a sum of money in the 3 per cent 
consols at 90, and at the end of 3 months, after receiving one 
half-year's dividend, sells out at 89^. At what rate per cent, 
per annum does he receive interest for his capital ? 

10. Find the compound interest of ;£400 for two years at 
5 per cent, per annum. 

What difference will it make if the interest be chaiiged 
half-yearly instead of yearly ? 

11. What is the present worth of £257 „ 10^. due 9 months 
hence, allowing 4 per cent per annum interest ? 

12. Extract the square root of 65535 and of '65535, each 
to three places of decimals. 

13. Gunter's chain consists of 100 links, and a rectangular 
area 10 chains long by 1 chain broad contains an acre ; find 
the area of a rectangular field whose sides are 67 chains „ 50 
links, and 30 chains „ 25 links respectively. 

14. The governors of Queen Anne's bounty advance £72 S 
on mortgage of a living on the following conditions : the prin- 
cipal to be repaid in 30 years by equal annual instalments, and 
interest at the rate of 3.^ per cent, to be charged on the part 
unpaid. If the sum due in any particular year be £37 „ 14*., 
find how many previous annual payments have been mada 



First Division Ay 185a 



1. WTutt is meant by Numeration f 

Express in words the number 817001014. 

Explain the principle upon which you have obtained 
your result. 

Cf:§9, §ll,and§12. 



r» • 
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2. Reduce Hd, to the fraction qf a florin ; and find the 
valiie qf -26 ofZs. „ ^. 

24 96 
Again, •25of3*. „6dl 

= - X 4ad. 

4 
= 10 Jfl?. 

3. A florin being the tenth part of a pound, a cent the 
hundredth, and a mil the thousandth; express £32 „ 1 6*. 6^d, 
in pounds, florins, cents, and mils. 

By inspection, £32 „ 8 florins „ 2 cents „ 2 mils. 

4. Add together '0016, 1*7, '02, and subtract the result 
from 2. 

•0016 

17 20 

•02 1-7216 

1-7216 -2784 

5. JVhat fraction qf6m.„ Sfgs. „ 7 p. „ yds. „ Oft,,, 
ll\} in. is -= qfa league F 

6 miles =8800 yards 

6 fuig. =1100 

7 poles = 38j 

11|J inch = ll 

9938jf 

therefore fraction required 

= rY^x3xl76o)-r9938{f 

22 

^8x3xV^ _17_ 

17 "" \^^^^^ 

2112 
_ 8x3x2 

192 

-1 
"4' 

6. Jf 100 men can make an embankment 2 miles long in 
20 days, how much over-time must 120 men work in order to 
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^ntiA an emiankment 3 miiet long in 24 daysf Tieelte 
/lour* u tuppoted lobe a regular da^» work. 

100x20x12 : 120x24 x:t! :; 2 :S, 
6x2xa! = flxl0x3. 
2ir = 2S, 
x= \1\ honra ; 
Uierefore the; maat work ludf-an-hour over-time. 

7. Divide 7667 hy -0019 ; a^ multiply the quotient by 
^ o/'000aS68. 

1-9) 76B70 {40300 



1479136 Am. 
8. A Landlord hat an estate that bring* him in £3fK)0 a 
year, but thii grott income it liable to deduetione /or ralet 
and repairi to the extent of 12 per cent. He tellt it at 24 
j/eart' purc/uue on the grott income, andintettt the produce 
ilftheialeinSper.eentt. at 97i. tVhal difference it eauted 
in hi* income t 

e. 

From grow incfima 3000 

Deduct rates sud repairs 360 

2640 net income. 
He sells it for 24 x 3000, b; inveBting which the income obtabed 
=24 X 3000x3 x-|- 



=£2216„7».„8iV*- 
therefore a640-:C22ie „ 7#. „ 8^d. = je424 „ 12f. „ ^d. irhich 

ia the dimination of his income caused bj Uie sal& 
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9. A tPine merchant buy9 3 kinds qf ioine and mixes 
them together in this proportion ; 1 cask qf the Jirst, the 
pHce qf which is £80 a cask, 3 casks qf the secondy the price 
qf which is ;£90 a cask, 2 of the t/iird kind. He keeps this 
mixture for 12 months, and then sells it for £104 „ 10s. a cash 
cUaring 10 per cent after allowing 4 per cent, for interest 
qf capital What was the original price qfthe third kind qf 

wine f 

1 cask at 80 cost 80 

3 casks at 90 cost 270 

therefore 4 casks out of the 6 cost 360. 

But 6 casks were sold for 6 x 104} » 627. 

Now 627 is the amount of original price of all 6 casks, put to 
simple interest for 1 year at 14 per cent ; therefore 

100 : X :: 114 : 627, 
11 
627 X 100 ^^X X fiO ^,- 

deduct 350, the price of 4 casks, and we have ^200 as the price 
of the remaining 2 casks, which therefore cost j£100 each. 

10. Explain the difference between simple and compound 
interest. Find the compound interest on £26000 for 3 years 
at 4 per cent, supposing interest to be made capital at the end 
of each year, 

25) 25000 

1000 first year's interest 
25) 26000 capital for second year 

1040 second year's interest 
25) 27040 capital for third year 

1081^} third year's interest, 
therefore ;£3121 „ I2s. compound interest. 

11. A room is 14 feet „ 3 in. high^ 20 feet wide, 24 feet 
long. What will it cost to paper it with a paper 2 feet „ 6 in, 
wide, whose price is Hid. per yard ^ Allow 8 feet by 5 
feet,, 3 in, for each qf 4 doors; 10 feet by feet „ 8 in. for 
each qftwo windows, and Sfeet „ 6 inches by 5 feet for afire 
place, 

[To obtain the area of the 4 walls, add length and breadth, 
multiply by the height, and double the result] 
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Writiiig the quantities in the diiodecimal scale, we have 

20 (5-3) X 4= 19 

18 8 

38 120, area of 4 doors 

_1^ 6-8x2 = 114 



eO t 

74 



38 



4430 
2 



^1*4, area of 2 windows 

6*6 
6 



-— - .. „ 286, area of fire place 

886, area of 4 walls ' ^ 

Deduct 239-«, area of doors, windows, and fire place 



648-2 
12 

"76 
12 



920}, area to be papered. 

3x2}: 920J :: \\\ : x pence. 

^ 5 5521 45 

^^2 ^^="6-'^ -4 

5521 
x= — J— pence 

4 

= ;e5„16„0}^. 

12. Explain ths advantages cfa decimal system of coin- 
age and accounts. 

Do you apprehend any disadvantages as likely to arise 
from the introduction of the system into England? (Cf. § 43, 
p. 59.) 



First Division By 1858. 



1. What is meant by Numeration ? Express in words the 
number 127800021. 

Explain the principle upon which you have obtained your 
result. 

2. Reduce 2}d to the fraction of 15 shillings; and find the 
value of -05 of \s. „ 8d, 
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3. A florin being the tenth part of a pound, a cent the 
hundredth, and a mil the thousandth, express £6 „ 148. „ 2ld. 
in pounds, florins, cents, and mils. 

4. Add together the following : '172, '06, 1*004, and mul- 
tiply the result by '04. 

5. What fraction of 6 m. 2 fgs. 7 p. 11 y. 1 ft. 6 in. is r- of a 
league? 

6. If 50 men can make an embankment 3 miles long in 60 
days, working 12 hours a day, how many hours a day must 80 
men work in order to finish an embankment 4 miles long in 40 
days? 

7. Divide 738 by '0018 and multiply the quotient by — 
of -0009747. 

8. A landlord has an estate that brings him in ;£4000 a 
year, but this gross income is liable to deductions for rates and 
repairs to tlio extent of 15 per cent. He sells the estate at 24 
years' purchase on the gross income, and invests the price in 
the 3 per cents, at 97^. What difference is caused in bis 
income ? 

9. A wine merchant buys 3 kinds of wine and mixes them 
in the following proportions ; 2 casks of the first kind the price 
of which is £80 a cask, I of the second kind the price of which 
is £90, and 2 of the third kind. He keeps the mixture 6 
months, and then sells it for £99 a cask, clearing thereby 8 per 
cent, allowing interest on capital at the rate of 4 per cent, per 
annum. What was the original price of the third kind ? 

10. Explain the difference between simple and compound 
interest, and find the compound interest on £24000 for 3 years 
at 5 per cent., supposing interest to be made capital at the end 
of each year. 

11. A room is 14 ft. „ 6 in. high, 20 ft. wide, and 22ft. long. 
What will it cost to paper it with a paper 2 ft. „ 6 in. wide, 
whose price is lOid. a yard ? Allow 8 ft by 5 ft. „ 3 in. for each 
of 2 doors, 6 ft. „ 6 in. by 6 ft. for a fire place, and 12 ft. by 
5 ft. „ 7 in. for one window. 

12. Explain the advantages of a decimal system of coinage 
and accounts. 

Do you apprehend any disadvantages as likely to arise from 
the introduction of the system into England ? 
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Second Division A, 1858. 

1. Express m figures two hundred and thirty-two million 
three thousand and fourteen. 

Explain the principle npon which yonr fignres represent the 
ninnber. 

2. Reduce U. „ 9dl to the fraction of a crown ; and find 
the value of -075 of a pound. 

3. Add together the foUowing : '064, 124, 006, and divide 
the result by 1)2. 

4. A florin being the tenth part of a pound, a cent the 
hundredth, and a mil the thousandth, express £18 „ 12#. „ Sid, 
in pounds, florins, cents, and mils. 

32 31 

6. Express , -?-by rp-T in its simplest form, and 

square your result 

6. The price of gold in this country is .€3 „ lis. „ lOld. 
per oz. What ought 100 sovereigns to weigh, supposing that 

- of each sovereign is pure gold, and that the value of the 
G 

sovereign is that of the gold which it contains ? 

7. If a rupee be worth 2*. „ 4d., what decimal fraction is 
it of 9s. „ 4d. 1 Express £6944 in rupees and decimal parts of 
a rupee. 

8. What does 6 cwt. „ 2 qrs. „ 6 lbs. of bread cost at 
Is. „ 9d. a stone 1 

9. Suppose that £1 exchanges for 24*8 francs, and that 
the French 3 per cents, are selling for 70*2 francs. What 
amount of such stock will £589 buy? 

10. Find the fourth root of 00028561. 

11. Find the discount on £50 „ Zs, due six months hence, 
allowing 4 per cent, interest for money. 

12. Explain the advantages of a decimal system of coin- 
age and accounts. 

Do you apprehend any disadvantages as likely to arise 
from the introduction of the system into England ? 
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October, 1868, (-4). 

1. Express in figures three huiidred and eighty-one mil- 
lion two hundred and seventy-four thousand nine hundred 
and fifty-four. 

Explain the principle upon which y9u have proceeded* 

2. If the mean diameter of the earth be 504,979,200 
inches in length, express its length in feet, yards, poles, fur- 
longs, and miles. 

3. Reduce 4J^. to the fraction of half-a-crown : and find 
the Talue of '04 of £1 „ 5«. 

3 9 

4. Add - to --= . Square the sum and subtract it from 2. 

4 17 

6. Add together the following: *185, '0185 and 1*85. 
Divide the result by '02. 

6. Express Is, „ ^d. as a decimal of £1. 

If a dollar be worth 4f. „ \0d., how many dollars and 
decimal parts of a dollar are worth ill „ Is. ,,^d.1 

7. Multiply together 73*8 and '0058, and divide the pro- 
duct by ]r of 00312. 

8. If 1000 men can excavate a basin 1600 yards long, 
500 broad, 40 deep in 8 months, how many men will be re- 
quired to excavate a basin 2000 yards long, 400 wide, 50 deep 
in 10 months ? 

9. A room is 20 feei long and 16 feet wide, what must be 
its height in order that the area of the floor and ceiling together 
may be equal to the area of the walls ? 

10. Find the discount on £164 „ 2^. „ Qd, due 3 months 
hence, at 4 per cent, per annum. 

11. Ay By C enter into business together and embark 
£3000, £4000, and £5000 respectively. At the end of 12 
months they have made a gross profit of £1380, but the ex- 
penses of their concern have been 7^ per cent, on its capital ; 

'find how much each of them would have lost if, instead of 
entering into business, he had invested his money in the 3 per 
cents, at 90. 
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12. A railway train has a journey of 65 miles to perform, 
and ought to perform it in 3 hours ; if its starting be delayed 
by a quarter of an hour, how many miles per hour must it 
increase its speed so as to arrive at the proper time ? 



Fir9t Divinon A, 1859. 

1. What number subtracted from 670194 wUl leave 
3825 ? 

The product of two numbers is 36865365 : one qf them is 
365. What is the other f 

670194 365) 36865365 (101001 

3825 365 

666369 ^^^ 

000 

2. How many bricks are there in a wall which is 120 
bricks long, 15 bricks high, and 2 bricks thick f 

120 X 15 X 2 = 120 X 30 = 3600. 

3. Find the cost of 250 lbs. qfteaatSs,„ 11^ per lb. If 
10 lbs. be spoiled, what will the merchant gain bg selling the 
remainder at 4s. „ 6d. per lb. f 

Find the cost of 250 lbs. at 4s., minus the cost at \i. 



id. 


ih 


250 

4 


deduct 

20 

also by selling 240 lbs. at 4s. „ 6c 

240 t 
4-5 


1000 
10 „ 6 


989 „ 7 

49„9„7 

1 he obtains 

£ t. d. 
herefore 54 „ „ 
49 „ 9 „ 7 



120 4„10„5gain 

960 



20) 1080 
£54 
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4. (Six dollars^/our Jhrins, and four JuUf protons amount 
to £2 „ 39, JV/iat is the value qfa dollar / 

4 florins and 4 half-frowns = ISs., 

{£2 „ 3s.) -ISs. =£1 „ 6*.=6 dollars ; 

25 
therefore one dollar = -r- = 4j«. = is. „ 2d, 

o 

5. //* 24 men can reap 76 cu^es in 6 days, how many 
men can reap 114 acres in 9 days f 

men 
24x6 :a?x9 :: 76 : 114, 

07x9x76=24x6x114, 

^ 24x6x 114 
^"" 9x76 
=24 men. 

6. Add together 6^, 23}, 464, and 6'375. 

6126 
23-5 
464* 
6-375 

600000 
Reduce the following fhtctions to their lowest terms : 



(1) 



,1.3 
3 5 

=2-7-4 

_1 

"2" 



(2) 



'-I 



5 
9 




c c 
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/3 2y 

"■irjr^\2''iy 

4 4 
= |^6x3» 

= 1. 
7. 3fM/«tp;y 39-39 5y 7-878. 
i>i0eVfe 556591 hy 1*813 an^ 230 &y 016. 

39-39 

7-878 



31512 


2 7673 


31512 


275 73 



310-31442 Ans. 
1-813) 55-6691 (30*7 Am. 1-6) 23000*0 

0000 

8. What fraction qf 10«. U 4s, „ 6d, ^ Bedtice the restdt 
to a decimal, 

i, e. bring 4«. ,, 6^. to a fraction of 10«. 

10='^^- 

9. Extract the square root of 46090521 and o/136966'6081 . 

4d0§052i (6789 Ans, lS6§66-668i (37009 Ans, 

36 9 



127) 1009 
889 


67) 469 
469 


1348) 12005 
10784 

13569) 122121 
122121 


74009) 666081 
666081 









10, A hoaCs crew row down from SearU's hoot house to 
the locks a!t Baitsbite in half an hour, and they row back in 
three quarters qfan hour. If they are 7J hours rowing to 
Ely and hack, how long were they going down f 
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Their time of going doten is to their time of coming up, as 
2:3. 

Therefore divide 7^ hours into two parts, which are to each 
other in the ratio of 2 : 3. 

Therefore the time of going down 

-|of7J 
2 15 

=3 hours. 

11. A teoman hups a certain number qf apples for 3 a 
penny and ths same number at 2 a penny. How much doee 
she gain or lose per cent by selling them all at 6 for two- 
pence f 

- For one apple of each kind she gave respectiyely - and -^ 

of a penny : 

therefore for every 2 applet she gave 7; + o = s^., 
and for every 2 apples she got 2 x ^ = - ; 

therefore 5-^ = ?^=^ her loss. 

Now, what fraction of her outlay was that ? %.e, what fraction is 

;r: of - 1 
30 6 

16 1 1 

5:^ ^ -r = s^ i therefore she lost — of her outlay. 

oO O 25 2o 

But rr of 100 is 4 ; therefore she lost 4 per cent 

12. A person h.as a number of oranges to dispose qf: he 
sells half qf what he has and one more to one person, half of 
the remainder and one more to a second person, haJlf cf 
the remainder and one more to a third person, and hallf of 
the remainder and one more to a fourth person : by which 
time he has disposed cf all he had. How many had he at 
first f 

Let X 3= number of oranges ho had at first 

cc2 
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If to ihejirsl he had sold haff^ he would have had 

- remaining. 

/K Sj Si ""^ 

But he had less than - by 1, i.e. had -— 1, or — -— remaining. 

It m Ji 

If to the second he had sold Aa{^ he would have had 

a-2 



4 



remaimng. 



4*_2 m 6 

But he had — t — 1 left, i. e. he had — -— remaining. 

If to itie third he had sold half, he would have had 

a-6 



8 



remammg. 



But he had — 1 leffc^ i,e, had — rr— remaining. 

If to the fourth he had then sold haif, he would have had 

x-U 



16 



remaming. 



But he had ^^^ — 1 leftj i.e. had .- remaining. 

ID lb 

XT Of-ZO ^ 

Now "le"^ ' 

a?-30=0, 
a?=30. 

13. Explain the meaning qf the terms interest and dis- 
count; painting oiU the difference between them, (Cf. § 99, 
p. 216.) 

What is the discount upon £399 „ \s. „ 6^. dus 13 months 
Jiencej interest being at 6 per cent, f 

j|of6=6-41« 

therefore 105*41 d : 399*075 :: 5*4l6 : discount, 
discount X 106*416 = 399*075 X 6*4ld 

,, . J. * 399076 X 5-4166 
therefore discount = i arJi^ — • 
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Hence, (inverting the multiplier, and using contracted mul- 
tiplication and division,} 

•03990760 
66145 

19963760 

1696300 

39907 

23946 

2394 



r06416) 21-616296 (20*606 
6330 
69 
6 
therefore £20 „ 10«. „ lid, is the discount 

14. In Iff hat time will £158 „ 6«. „ %d. amount to 
£176 „ 14f. „ Sd, at 3 per cent, simple interest f 

From the amount ... 176 „ 14 „ 8 
Deduct the principal 168 ,, 6 „ 8 

18 „ 8 „ interest gained 

yeaxB. 

therefore 158J x a? : 100 x 1 :: I8f : 3, 

95 ^ 

-^x^xJ^=X^«|x-y, 

^ 368 ,83 
^»-g5=3|| years. 

15. A person invesU £4095 in the 3 per cents, €a 91 ; he 
sells out ;£3000 stock when they have risen to 93J and the 
remainder when they havefaUen to 85. How much does he 
gain or lose hy the transaction f If he invest the produce in 
the 4J per cent, stock at 102, what is the differmce in his 
Income f 

stock. 

91 : 4095 :: 100 : x, 
45 



HQ^5 X 100 
g= ^^^l, =6400 stock. 



from which his income is £135. 
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He seOft 3000 stock ai 93} ; therefore he receiTes 

30 X 93}, 
or 15 X 187, 

or 2805 cash. 

He then leDs 1500 ai 85 ; therefore he receiTes 

15x85, 

or 1275 cash; 

£ 

therefore 2805 

1275 

4080 caah realized 
hot 4095 cash iiiTested 

therefore 15 loss 

Next he inTesta 4080 m the 4} per centa^ at 102; from which 
his income 

1020x 9 
51 

=20x9 
= 180 
therefore £180 ~ £136 = £45, the increase in income. 



Firtt Divinon B, 1869. 

1. What number subtracted from 850967 will leave 3946 7 
The 365th part of a number is 101001, what is the number 1 

2. How many yards of cloth are there in 27 bales, each 
containing 15 pieces, and each piece 15 yards ? 

3. Find the cost of 20 dozen at 48. 1 l^d. per bottle, and if 
3 bottles are spoiled, what will the merchant gain by selling 
the remainder at 5#. „ 4d. per bottle ? 

4. Four thalers, six half-crowns, and 8 florins amount to 
£2, What is the value of a thaler ? 

5. If 16 men can reap 76 acres in 4 days, how many men 
will reap IHacres in 6 days 1 
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6. Add together Sf, 11 h 476, and 3*125. 
Reduce the foUo¥riiig fractions : 




7. Multiply 237-07 by 4-667. 

Divide 14002564 by 1-871 and 406*8 by -018. 

8. What fraction of 5s, is l«. „ 4^. ? 
Reduce the result to a decimal. 

9. Extract the square root of 10004569 and of 240168*6049. 

10. An ordinary train on the Eastern Counties Railway is 
1 hour „ 57 minutes in travelling between Wymondham and 
Ely, and the express trains take 54 minutes less. If an express 
train leave Cambridge at 9 a.m.and arrive in London just as 
an ordinary train is leaving, which arrives in Cambridge at 2 
p.m«, find how long the express is in going to London t 

11. A woman buys a certain number of eggs at 21 a 
shilling and the same number at 19 a shilling ; she mixes them 
together and sells them at 20 a shilling ; how much does she 
gain or lose per cent by the transaction t 

12. A man has a certain number of apples : he sells half 
the number and one more to one person, half the remainder 
and one more to a second person, half the remainder and one 
more to a third person, and half the remainder and one more 
to a fourth person, by which time he has. disposed of all that 
he had. How many had he ? 

13. Explain the meaning of the terms interest and dis- 
count, pointing out the difference between them. Find the 
present worth of j£396 „ lOf. >, 6dL due 11 months hence at 4 
percent 

14. In what time will £229 „ 10«. amount to £2SS „ 3«. „ 9^ 
at 6 per cent per annum at simple interest ? 



392 APPENDIX, CONTAINING 

15. A peraon inTeste ^^6825 in the 3 per oent& at 91 ; he 
sells oat i^5000 stock when they have risen to 93^, and the 
remainder when thoy have fidlen to 85. How mnch does he 
gain or lose bj the transaction 1 If he invests the prodooe 
in 4^ per cent stock at par, what ia tiie difference in hia 
income 1 

Second Dimnan A, 1859. 

1. Find the sum, difference, and product of 12345678 and 
28814412. The hiat may be foond by only 3 lines of multi- 
plication. 

2. Thirty years ago a man was 3 times as old as his son, 
whose present age is 45. How old is the fiither ? 

3. When will a number divide by 8, 9, or 11 1 

K^ncc TTT^TT^r to its simplest form. 
245025 

4. A number may be divided by 25 by multiplying it by 4, 
and marking off the last two digits in the result as decimals. 

Explain the reason for this; and divide 5335 by 25. 

6. Add together |*:t^ '^^ ^i' ^^"^ ~"- 
tinned product of 24|, j, llf , 29'""^ 37' 

6. Reduce — — of a ton to cwts. qn. lbs. &c. 

7. A man has £3000 in hand, having lost a quarter of hia 
property in speculation, and purchased a partnership in business 
with three quarters of the remainder. What was he worth at 
first? 

8. Find the value of 157 tons at 

(1) £7 „ Is. (2) £2 „ 16*. „ 8c?. (3) £4 „ lU. „ 8^. per ton. 
Each result may be obtained by Practice, by making use of one 
aliquot part only. 

9. Extract the square root of 9030025, of '0144, and of "i. 

10. Define simple and comi)ound interest. Find simple 
interest on £1127 „ 18*. » 4^- for 1^ years, at 3 per cent per 
annum? 

1 1. Which is the better interest, 5 per cent payable quar- 
terly, or 5} per cent, payable yearly ? 
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12. What is discount ? 

* 

A bill due 3 months hence is discounted at 4 per cent, and 
its present value is £1226. What is the amount of the bill ? 

13. An estate is bought at 20 years purchase for ;£20,000y 
three quarters of the purchase-money remaining on mortgage 
iit 4 per cent. The cost of repairs averages £150 per anmim. 
What interest does the purchaser make of his investment ? 

14. A baker's outlay for flour is 70 per cent, of his gross 
receipts, and other trade expenses are 20 per cent. : the price 
of flour rises 60 per cent., and trade expenses are thereby 
increased 26 per cent What advance must he make in the 
price of a fivepenny loaf, that he may still realise the same 
amount of profit from it ? 

16. Two houses are built: the first is twice as long in 
building as the second : half as many men again are employed 
in building the first; their wages per hour are one-third higher, 
and they work 10 hours a day and 6 days a week, whilst the 
others work only 8 hours a day and 6 days a week ; the cost of 
the second in workmen's wages was £1000. What was that of 
the first? 



October, 1859, (-4). 

1. Find the sum, difference, and product of 25435 and 
34266. 

2. The digits in the units and millions places of a number 
are 4 and 6 respectively. What will be the digits in the same 
places, when 999999 is added to the number ? 

3. If the excise duty on hops be 2d, per lb., and the whole 
duty average £234,000 per annum; what is the average growth 
in this country i 

4. What is the freight on 480 bales of cotton weighing 
4 cwt. „ 4 lbs. each, at id. per lb., and 5 per cent, additional ] 

6. Define interest and discount, and find the interest on 
£5325 for 4 months at 4^ per cent per annum. 

6. What is the discount on £479 „ 15«. for 3 months, at 4 
l)er cent, per annum ? 

3 8 14' 

7. Reduce . of • of a £, to the decimal of 7 of r of £30. 

4 S 4 y 
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8. When will a number divide by 3 or 8 ? Simplify---^. 

9. Find the yalne of -^ of £2. 

10. jC935 is invested in the 3 per cents, at 93j^. What 
income is derived ftom. the investment 7 

11. A steamer makes a voyage in 72 days, sailing on the 
average 9 knots per hour. How long will another be in making 
the wne voyage, whose average rate of sailing is 8 knots 
per hour t 

12. What is the value of 147 bullocks ; one-third of them 
being sold at £18 „ 14«. „ M ; one-third at £20 ; and the re- 
mainder at £21 „6$.y,^. each ? 

13. Fmd the continued product of '01, "001, and 1*01. 

14. Divide £325 amongst 4 persons in the proportion of 
1, 2, 4, 6. 

15. The pattern of a carpet is a yard long, and its width 
2 feet „ 3 inches. How much must be bought to cover a room 
20jt feet square i 

16. According to the Carlisle tables, the probable duration 
of the lives of persons of the ages of 10, 30, 50, 70, and 90 
respectively, will be 48*82, 36*34, 2111, 918, and 3*28 years 
respectively. If the premium for the whole life insured at the 
age of 10, be £\ „ 12«. per cent, construct a table of corre- 
sponding premiums for the other given ages. 



First Division A, 1860. 

1 . Explain the common system qf notation^ and point out 
its advantages. 

From 527 take 398, explaining the reasons for the process, 

Gf. § 11, and § 19. 

2. Define a vtdgar fra4Aion, and shew thai a fraction is 
not cdtered in valuSy if the numerator and denominator he 
mtdtiplied by the same number. In what operations an 
fractions is this change necessary ? 

QL § 44, and § 48. 
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A has twice cu much money an B, They play together /or 
a certain stake. At the end of. the first game B wins from A 
one-third ofA*s money. What fraction qf the sum B now 
has miLst A win hack in the second game, that they may have 
exactly equal sums f 

A has 2, while B has 1^ 
A loses of 2, J5 wins - of 2, 

«j 3 

A has - , B has ~ • 

o 3 

Now take ^ from - , and there would be - left ; i.e. take away 

o o 3 

^ from J9's money, there would be left the same sum that 

A has. But is one-fifth of - , so that by taking from B one- 

fifth of his money, he would have the same sum that A has. 

If now one-half of that one-fifth, or one- tenth of ^s money, 

be given to each, they would then have exactly equal sums. 

__ * 

Therefore one-tenth is the fractional part of ^s money, 

which A must win back. 

3. Define a decimal fraction, and taking *4668 as aji 
example, shew from your d^nition that '4668 = ■ 
Cf. § 66. 

Express as decimals -rrs and 7;rr , and the sum, and the 
product of these quantities, 

2> 32 

IoJ-Iooooo="^^- 

Therefore the sum of these quantities is '00081032, and the 
product '0000000002692, 
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aa a decimal f r actum qf £&, 

|xl7*. „6<i=5x(2f.„2}<l.)=10».„lljrf-t 
•125xl6#.=2i)00=2f, 

and -— of 165A=---=87ci=7*. „ 3rf.; 

therefore 10r.„ ll}€f.+2r.-7«. » 3^.»(>«. » 8^. 



12 



100 



8-25 



5-6875 



'056876 Am. 



6. 2>ii^<0 1028*5 by '0000017, and ^ by '000^; ane? mu/- 
tiply the difference qfthe quotienU by '00025. 

1-7) 1028500000 



605000000 



6 1 



•0006 = 



9000 1500* 



.^ ^ ^ 1500 ,„^^ 

therefore r- x — — = 1200. 

o 1 

Hence the difference between the two quotients ia 604998800 ; 
and the product is 151249*7. 

6. A farmer rents a farm qfSOO acres on the following 
terms : he pays a fixed rent of 6s. per acre, and a com rent 
of 200 quarters of wheat, 150 quarters of barley, and 120 
quarters ofoaJts, The price qf wheat, barley, and oats being 
'respectively 49s, „ 6d^ 309. ,, Sd,, and 19s. „ 2d per quarter, 

i his rent per acre. 
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99 
200 X 49i*. = 200 X ^- = 9900 ahillings, 

92 
150 X 30S«. » 150 X ^ = 4600 shillmgB, 

o 

120 X 19}*. = 120 X — = 2300 shillings, 

6 



total 16800 shiUliigs, 

now "800"" f^^^e^ 

add the fixed rent of five fillings, and the rent per acre 
is26«. 

7. A and B contract to execute a certain order for 
£1245. A employs 100 children for 3 months, 80 women for 
2 montJis, and 40 men for 1 month; B employs 120 children 
for 2 months, 60 women for 1^ months, and 80 men for 2^ 
months. If the work done in the same time by a child, a 
woman, and a man he in the ratio q/* 1 : 2 : 3, find the sum 
cf money which A and B must each receive. 

80 women do the work of 160 children, 
40 men 120 ., 

80 that A altogether employs what is equivalent to the labour 
of 100 children for 3 months, or 300 children for 1 month ; 
and of 160 children for 2 months, or 320 children for 1 month ; 
and of 120 children for 1 month : total 740 children for one 
month. 

ALbo 60 women do the work of 120 children, 
80 men 240 ^ 

so that B employs what is equivalent to the labour of 120 
children for 2 months, or 240 children for 1 month; and of 
120 children for 1^ months, or 180 children for 1 month ; 
and of 240 children for 2^ months, or 600 children for 1 month: 
total 1020 children for one month. 

The money must consequently be divided between A and B 
in tlie ratio of 

740 : 1020, or 37 : 51; 

37 
therefore A*a share is ^ of jC1245, or £523 „ 9s. „ 3-fjd. 

Ba share is £721 „ 10*. „ 8fr^. 
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8. A man allows to his agent 5 per etnt, on his gross in- 

corns for the expense qfeoileeting his rents. He spends -thof 

his net income in assuring his life, and this part qfhis income 
is in consequence exempt from income-tax. His income-tax 
being \0d in the pound, and his income4ax amounting to 
£38 „ I9s. ; find his gross income. 

He allows his ageilt 5 per ooit, or — th of his inoooie, and 

19 i 

has ^rx as his net income. Kow as - of this net income is 

20 . 7 

not taxed, onljr ^ of — , or — - of his gross income is taxed, 
and this at lOd. in the pound pays £38 „ 19#. ; therefore 

— : 38j J :: I :x, 

I 779 

24 '''^"■20' 

20 
779x6 



^779x6 67 .,. 
t^e. £ — - — = — of his gross mcome* 

TT !.• . 70 779x6 

Hence his gross moome =-— x — - — 

67 6 

14x779x2 
19 

=28x41 

= 1148. 

9. A young lady desires to paper her room with postage 
stamps, hut being herself unMe to calcviate the number 
which will be required, she supplies the following data : her 
room is \^ft. „ 9 in. long, 9ft. „ 3 in, broad, and 10 ft. „ 6 in. 
high; it contains two windows, each 5ift. by 4ft., and 

3 doors, each 6ft. by 3fl.; a postage stamp is - in. long, and 

lb -* 

V in. broad. Make the calctdationfor her. 
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Writing the quantities in the duodecimal Boale, 
length 12*9 2x6i^e 

breadth 9*3 ^ 

20^ 38, area of windows 

multiply by height t'6 

100 3x3=9 

IbO _6 

1900 46, area of doors 

2 

350, area of 4 walls 
82, area to be deducted 

29 1, area to be papered 
12 

12 

406, square feet to be papered, 

15 3 
But r^ X - is the fraction of a square inch covered by each 

stamp; therefore 

Ifi 3 ./v« W.I 

rr X 7X07=406x144 

16 4 

a?=406xl44xr-x „ 

10 O 

16 
= 406 X 16 x— ■x4 
o 

^ 415744 

6 
=83148^ stamps. 

10. Tfi>e area qf the coalfield qf South Wales is 1000 square 
miles, and the average thickness of the coal is 60 feet. If a 
cubic yard qfcoal weigh I ton, and the annual consumption 
of coal in Great Britain be 70,000,000 tons; find the number 
qf years for which .this coalfield alone would supply Ghreat 
Britain with coal at the present rate qf consumption, 

J(ft/ie coal annually consumed in this country were piled 
up into a pyramid having for base the great court qf Trinity 
College, the dimensions of which are 110 by 90 yards; find 
the height qf ttts pyramids 

N.B. The volume qf a pyramid is equal to the area qf 
the base multiplied into one-third of the height. 
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Each square mile contains 1760 x 1760 square yards ; and as 
the thickness of the coal is 20 yards, the content of coal field is 

1000 X 1760 X 1760 x 20 cubic yards^ 

and this weighs 1000 x 1760 x 1760 x 20 tons. 

Hence number of years 

1000x1760x1760x20 
^ 70000000 

176x176x2 
70 
= 885^ years. 

Also, volume of required pyramid is 70,000,000 cub. yds. 

70000000 = ^ X height x 1 10 x 90, 

=height X 110x30, 

XI. * -^ I. • ux 70000000 J 
therefore height = j^^^;^ yards 

700000 
"■ 33 

=21212i^ yards 
= 12 miles „ 92|j^ yards. 

11. D^ne dUcount and present worth. 

Find the present worth qf a biU qf £283 „ 10*. due 4j 
months hence at 3 per cent 

Distinguish between the mathematical and the mercantile 
discount, and find their difference in the above example, 

-x-x3=- = ri26 

101-125 : 283-6 :: 1*125 : discount. 

discount x 20*225= 283*5 x '225 

,. . 283*5 X -009. 

discount = -^ 

^^ -809 

8-09) 25-515 (3-1539 

1245 

4360 

325 

83 

11 
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Hence present worth =283-6- 31639= 280*3461 =£280 „ 
6#. „ lid. 

But the mercantile discount is only the simple interest on 

£283-6 for 4^ months; and 283-6 x 1-125 x r^ = 2-835 x 1126 ; 

and, by contracted multiplication, 
•0028360 

^^^^ Hence 3*1894 

28350 31539 



2835 
667 
142 

3-1894 



^£"0366 is the difference, and 
this, by inspection, is S^d. 



12. A man invests J64297 „ lOs, in the 3 per cents, at 96j^. 
He sells out one-third of his stock wTien the funds have fallen 
to 94, £1600 stock tohen they have risen to 96 j^, and the re- 
mainder at par. What sum does he gain? And^if he invests 
the proceeds in the French 3 per cents, at 67*60, what is the 
difference in his income F 

96j^ : 4297} :: 100 : x^ 

191 8696 __. 

— xa=-^xl(iO, 

8695 ,^^ 2 
^=— xlOOx- 

= 4600 stock. 

And as he held this stock in the 3 per cents., the income he 
obtained was £136. 

Now one-third of this, or 1600 is sold out at 94, 1600 at 96}, 
1400 at 100. 

Therefore he receiyes 

16x94 + 16x96j + 1400, 

or 1410 + 1640 + 1400, or 4350 cash. 

Therefore the sum he gains is £52 „ lOs. 

By investing in the French 3 per cents., we have 

67*6 : 4360 :: 3 : Ans. 

DD 
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43500x3 8700 
^"••^ 675 * 45 
^580 
" 3 

therefore £193 1, St.,, 8^-135=^58 „ 6«. „ 8d; the gain in his 
income. 



First DifriiionB, 1860. 

1. Explain the common system of notation and point out 
its adyantages. From 613 take 49 explaining the reasons for 
the process. 

2. Define a ynlgar fraction, and shew that a fraction is not 
altered in value if the numerator and denominator be multi- 
plied by the same quantity. In what operations on fractions 
is this change necessary ? A has three times as much money 
as B. They play togetiier for a stake, and at the end of the 

1st game B wins frvm A -ths of ^'s money. What frac- 

o 

tion of the sum B now has must A win back in the second 
game, tiiat they may have exactly equal sums ? 

3. Define a decimal fraction, and taking '7256 as an exam- 
ple, shew from your definition that 7256 = ^^ . 

2^ 3' 

Express as decimals rr^ and rr^, and the sum, and the pro- 
duct of these quantities. 

4. Express. - of 7Si „ edi + '625 of lOf . - 5lB of 9«< „ 2«f: as a 
decimal fraction of jClO. 

5. Divide 9*614 by '0000019, and || by 'OOOS and multiply 

the sum of the quotients by '0005. 

6. A farmer rents a farm of 800 acres on the following 
terms He pays a fixed rent of 4s, „ 6d. per acre, and a com 
rent of 250 quarters of wheat, 150 quarters of barley, and 100 
quarters of oats. The price of wheat, barley, and oats bein^ 
respectively 45^., 29s, „ 4d, and 19«. „ 6d, per quarter, find his 
rent per acre. 
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7. A and B rent a field for ^£60. A puts in 10 horses for 
\\ months, 30 oxen for 2 months and 100 sheep for 3} months; 
B puts in 20 horses for 1 month, 40 oxen for 1^ months and 
200 sheep for 4 mouths. If the food consumed in the same 
time by a horse, an ox, and a sheep be in the ratio 3:2:1; 
find the portion of the rent of the field which each must pay. 

8. A man allows to his agent 5 per cent, on his gross 

income for the expense of collecting his rents. He spends - th 

of his net income in assuring his own life, and this portion of 
his income is in consequence exempt from income tax. The 
income tax being 10^. in the pound and his income tax amount- 
ing to £39 „ 1S«. ; find his gross income, 

9. The daily issue of the Times is 60,000 copies. Three 
days of the week it consists of 3 sheets, and for the remaining 
three of 4 sheets. If a sheet be 3 ft. long and 2 ft. broad ; find 
the number of acres, which the weekly issue of the Times 
would cover. 

10. The area of the Yorkshire coal field is 937} square 
miles, and the average thickness of the coal is 70 feet If a 
cubic yard of coal weigh 1 ton, and the annual consumption of 
coal in Great Britain be 70,000,000 tons ; find the number of 
years for which this coal field alone would supply Great 
Britain with coal, at the present rate of consumption. 

If the coal annually consumed in this country were piled up 
into a rectangular stack having for base the great court of 
Trinity College, the dimensions of which are 110 yards by 90 
yards ; find the height of the stack. 

1 1. Define discount and present worth. 

A Jew discounts a bill of ^£180 drawn at 4 months, at 
60 per cent per annum, and insists on giving in part pay- 
ment 5 dozen of wine which he charges at 4 guineas a dozen, 
and a picture which he charges at £\^, How much ready 
money does he pay ? If the cost to the Jew of the wine and 

the picture be only - th of the sum he has charged for them, 

what is the real interest the Jew has been charging ? 

12. A man invests ^£7620 in the 3 per cents, at 95^. He 
sells out - th of his stock, when the funds have fallen to 93^; 

i>d2 
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£3600 stock when they have risen to 96, and the remainder at 
par. What sum does he gain t 

If he invest the proceeds in the Russian 4} per cents, at 97 ; 
what is the difference in his income ? 



Second Division A, 1860. 

1. Find the sum, difference, product and quotient of 
9765626 and 78125. 

2. To 479 add l^^J, and repeat the addition six times. 

3. Find the sum, difference, product and two quotients of 
10*01 and 0091. 

4. There are three quantities, (i) £5, (ii) 8«. (iii) 75 gallons. 
Multiply one of these by the quotient of the other two. 

State accurately the result of the operation, and perform it 
in as many different ways as possible. 

5. Explain the statement of a question by 'Hhe rule of 
three." In how many different orders may the three terms be 
placed ? And give a reason for preferring one order to 
another. 

What is the value of 95 tons „ 17 cwi of coals at £\ „ lbs. 
per load of If tons ? 

6. Upon what principle does the method of ^ practice ** 
depend ? Find the value of 

(i) 44 things at £23 for every 40, 

(ii) 23'things at £16 „ 10«. for every 11, 

.idopting the method of "rule of three," or "practice," which- 
ever is the more convenient, in each example. 

7. The solution of qtieations in " practice " may often bo 
simplified by taking proportional parts of the multiplied in- 
stead of the original quantity ; or by subtracting proportional 
parts instead of adding them. The values of the following may 
thus be found, by the aid of one proportional part only. 

(i) 26 things at £11 „19«. 

(ii) 59 things at £5 „ 12«. „ Qd. 

(iii) 78 things at £6 „ 8». „ 4d. 
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8. Detiiie ** discount" 

What is the discount on ^£328 ,» ISs, „ 6d. due 3 mouths 
hence at 4 per cent, per annum ? 

9. Any sum of money may be expressed in poimdg, twelfths 
of a pound, and a proper fraction of a twelfth ; and five per 
cent on the same may be immediately obtained by considering 
the pounds as shillings, the twelfths as pence, and the fraction 
of a twelfth as the same fraction of a penny. 

(i) Explain the reason of this ; and 

(ii) Hence find 5 per cent on £621 ,, 13«. „ 8^. 

(iii) Deduce 4i per cent on the same amount. 

10. Which is the better investment, bank stock paying 10 
per cent at 319, or 3 per cent consols at 96 1 

11. An American dollar at par of exchange is worth 4«. 6d. 
of our money. What is the value of 642 dollars when the ex- 
change is 7 per cent, in favour of England 1 

12. A room is 60 feet long, by 29 feet wide ; how many 
people can be seated in it on chairs 1^ feet wide, and placed 
two feet apart from back to back ; allowing a clear passage 3 
feet wide down the middle of the room, and a space 15 feet 
deep at one end ? 

13. The paper duty was l^d, per lb., and the weight of a 
certain book 1^ lbs. The paper manufacturer realised 10 per 
cent on his sale, and the publisher 20 per cent, on his outlay. 
What reduction might be made in the price of the book on the 
abolition of the paper duty, allowing to each tradesman the 
same rate of profit as before 7 



October, 1860, (A). 

1. Find the sum, difference, product^ and quotient of 
1653125 and 13225. 

2. Find the square, and square root of '007569. 

3. There are three quantities : (1) 4 miles, (2) 4 furlongs, 
(3) £2, Multiply one of these by the quotient of the other two ; 
state accurately the result of the operation, and perform it in as 
many different ways as possible. 
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4. Mnltiplj 99HI I7 324; and find the Tslne of ■ ^^ 
of aweekmdjijiyhoonyftc: 

& Find the raloe of '51875 of a J; and -lOf 142S5 of a 

6. State the testa of dimibility of immben bj 4^9, and 11 ; 
aod apply them to the number 71016. 

7. What la the rafaie oi a cargo of taSow, weighing 515 
tonSy at 51JS. „ 3d. pear cwt. ? 

8. Fire per cent on a giren snm amoonto to £25„ 13#. „ 4d. 
Find 4| and 4i percent on the same sodl 

9. Define interest and discoont What is the disooont <m 
;^429 y, 5#« doe 3 months hence at 4per cent per anmmi ! 

10. Two bUls for ;^456 „ 5f. and J274 „2s.„ed.9re due 
on the 1st and 30th Jone respectireljr. What is tiieir valoe on 
the 20th June, interest being redumed at the rate of 5 per 
cent per annum ? 

1 1. Divide j£3920 amongst 4 persons in the proportions of 
2,4,6,8. 

12. A speenlator sells at a profit of 50 per cent ; bat his 
parchaser CaxlSy and onljr pays IO9. in the £. How much per 
cent does the speculator gain or lose by his venture ! 

13. A and B run a race. A starta at the rate of 400 
yards a minute, but in every successive minute increases his 
pace by a yard a minute : B diminishes his pace by the same, 
and is overtaken by ul in 4 minutes. What was Bb pace at 
starting? 



First Division A, 1861. 

1. Add 375 and 493 ; and explain the process, 
Cf. § 15. 

2. Employ short division in dividing 663072 by 5760. 
Write down the remainder^ and compare the process by 
which 663072 grains may he reduced to lbs., oz,, and dwts^ 
Troy. 
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Since 24 grs. make 1 dwt, 20 dwts. 1 oz., 12 oz. 1 lb., and 

since 24 x 20 x 1 2 = 5760, 

by dividing by these &ctor8 we shall be able to obtain both 
results by a single process. 



{: 



663072 



331536 



27628 



1381,8 



2 

12 

20 

12 

115,1 

Here in abstract numbers the remainder is 

8 X 24+ 1 X 20 X 24, i.e. is 672; 

80 that the quotient is 115, with a remainder 672. 

But if the dividend be 663072 grs., the quotient 27628 is 
in the denomination dwts., the quotient 1381 is in the denomi- 
nation oz. with a remainder of 8 dwts., the quotient 115 is in 
the denomination lbs. with a remainder 1 oz.; so that 115 
lbs. n 1- 02* 97 8 dwts. is Ant, 

3. Add = , li, o 5 *^^ divide the sum ^o + qVo""^)* 

, 11.2 , . 20 + 35 + 56 

^^T^'i+r^^ — r40~ 

2"*" 3 ^14 2 42 21* 

251 21 ^ 7^3 _ 233 
140^^13 ""260 "260* 

4. WhcU/raciion qf2 ewt. „ 14 Ibi, is -qf2qr8,„l4lb8j 
That is to say, bring - of 2^ qrs. to the fraction of 2^ cwt 



8 


2i+(2Jx4) 


1 
*8^ 


6 

^2^ 


17x4 


6 
■^51 


1 
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Find the rent qf 225 ac, „l rd. „ 19 p. at 13«. „ 2^d, per 
rood. 

Expressing 225 ac. „ 1 rd. „ 19 p. as roods and a decimal of 
a rood, and 13«. „ 2^d, as decimal of £1, we have 901*475 
roods, at £'66041 d per rood : hence by contracted multipli- 
cation, 

•000901475 

614066 

540S850 

540885 

3606 

90 

54 



^595*3485 
whence, by inspection, ;£595 „ 6s. „ ll|c^. is the rent, 

5. Reduce £2 „ 17«. „ 4^^. to the decimal qf £!• Aho 
add •276 of a bushel to '725 of a quarter, and find the value 
at 6«. „ 8d. per bushel. 





12 
20 

7^ 




4-5 




17*375 




2*86875 






•40982142867 


Also 


'725 of a quarter 

8 


. 




5*800 bushels 
•275 bushel 




6#.„6(f. i 


6076 






£2025 


Therefore 


£2 


99 


OS, „ ed. Ans, 



6. Extract tlie square root qf 17424 and qf 175*260564. 

^/(17424)=132, 

^/(l76*250564)= 13*2382, &c. 

N.B. If the given number had been 175*360664 the exact 
root would have been 13*242. 

The length qf a rectangle is three times its breadth, and its 
area is 5808 yards. What is the length in feet f 



EXAMINATION PAPERS. 409 

3 breadth x breadth = 5808 square yards^ 

/v jxv\i 5808x9 - . 

(breadth)>= — - — square feet, 

breadth =^/(6808 x 3) square feet 
=^/(l7424) square feet 
= 132 linear feet^ 
whence length = 396 feet. 

7. J[f 12 Carlini he worth 4«. „ Irf., and a Napoleon be 

worth I6s.y Imw many Carlini ought to he received for 15 

Napoleons t 

12 Carlini a 49 pence, 

49 
1 Carlino= -5 pence. 

In 15 Napoleons there are 15 x 16 x 12 pence ; therefore 

49 
(15xl6xl2)-T-~ 

= 2880 x^^ 
34560 



49 
=705jf Carlini. 

8. Jf^ men with 7 women earn £1 „ 13#. in 6 days, and 
2 men with 3 tcomen earn 3 guineas in the same time; in 
what time will 6 mm with 12 women earn £60 1 

#. 

6 men 4- 7 women in 6 days earn 153, 

5 men+ 7 women in 1 day earn —--, 

153 
(a) 10 men + 14 women iu 1 day earn — ^. 

Again 2 men + 3 women in 6 days earn 63, 

2 men4- 3 women in 1 day earn — , 

03) 10 men + 15 women in 1 day earn — i?^- . 

But, from (a), 10 men -f 14 women in 1 day earn 51 ; 
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Therefore sabtnicting (a) from (fi) 



i. 



1 woman in 1 day earns 1^. 
Also since -t-#^ or 10i#. is earned by 2 men and 3 women 

D 

daily, and the 3 women earn 4i#. of this, the 2 men earn 6#., or 
1 man in 1 day earns 3f. Hence 6 men with 12 women earn 

36«.daily. Therefore they will earn 60 x 20 shillings in ^^ ^ ^^ 



36 



or m -^ , or m 33i days. 



9. WTuU it meant by intereit and diteount f 

Find the interest on ^£474 „ 13f. „^ at 4 per cent per 
annum/or 3} yeart, nmple interest. 

25^2 60* 
474„13„4 

1_ 

50 ) 3322,, 13 „ 4 

66„ 9„0„3i 

10. A tradesman who is ready to Mow 6 per cent, per 
annum, compound interest, for ready money, is asked to give 
credit /or two years. If he charge £2*J „ lis. „ 3d in his bill, 
what ought the ready money price to have been? 

In other words, what is the present worth of ^27 „ 11#. „ Zd. 
dae*2 years hence, allowing compound interest at 5 per cent. ? 

£\0l is the compound interest of £lW^ in 2 years. 
llOi : 27iV :: 100 : Ans^ 

— X -4n#.= — X 100, 

441 4 

^ii#.= -xlOOx — 

=26. 

11. A person invests ^2000 „ 16t. „ Id. in the 3 per cents. 
' '^. JVhat is the income derived by his investment t 
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90*5 : 2000'804ld :: 3 : Ina 

6002-4 12?50 
inc.=s 

90-6 

9*05 ) 600*24125 ( 66*325 

5724 

2 941 

226 

45 

00 

whence the income =«£66 „ 6#. ,, Bd, 

A person invests in the 3 per cents, so cu to obtain 3 per 
cent, clear on his investment tohen there is an income-tax of 
Id. in the pound. What per centage dear does he obtain if 
the tax be doubled? 

In £Z there are 720 pence, which by paying a tax of 21 
pence (7^. in the pound) are reduced to 699 pence ; and which, 
when the tax is \^d, in the pound, are reduced to 678 pence. 
But when every 100 pound stock pays him 699 pence, he is 
making 3 per cent, clear; what is he making dear when every 
100 stock pays 678 pence? 

699 : 678 :: 3 : Ans, 

699x^n«.-i678x3, 

. _ 678x3 
• 69»~ 

678 
233 

-2UI per cent 

12. IftJie price qf barley be Ss, „ Id, per bushel, and the cost 
qf malting a quarter qf barley be 2s, „ 2<f., Aotr much malt is 
made from 621 quarters qf barley, supposing the maltster to 
pay 2is, „ 2d. tax per quarter qfmalt and gain 5 per cent, on 
tlie whole qf his outlay by selling malt at lis, „ l\d, per 
quarter f 

Since by selling malt at 17s. „ l^d, per quarter, he gains 

20 
5 per cent, the cost price of the malt was ^ of 77f. „ ^i^i 

or was 73«. „ 6^d, 
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Of this ontlaj, 24#. „ 2d, was the tax ; hence outlay for 
baying and malting each quarter of mcUt is 49#. „ ^d. 

But price of barley being 48#. „ 8d, per quarter, and the 
cost of malting 2f. ,. 2^^ the outlay for buying and malting each 
quarter of barley is 50#. „lOd, 

Let X quarters of malt =621 quarters of barley. 
Then ;rx49f =621 x50|, 

2 

= 640^ quarters. 



FirH Divinon B, 1861. 

1. From 1861 take 1423 and explain the process. 

2« Employ short diriaion in dividing 195477 by 7920. 
Write down the remainder and compare the process by which 
195477 inches may be reduced to furlongs, yards, feet, and 
inches. 

3. Add - , 2J, " , and —, and divide the sum by 



1 1/1 n 
3"^4V3"8/* 



4. What fraction of 2 sq. yd& 7 ft is - of 2 sq. yds. 5 ft. ? 

Find the value of 72 cwt „ 3 qrs. „ 17 lbs. at £1 „ 4s, „ M. 
per cwt. 

5. Reduce £3 ,, I5s, „ 9^(1 to the decimal of ^9. 

Also add 1*275 of a yard to 3*75 of a foot, and find the 
value at 3s, „ 4d. per foot 

6. Extract the square root of 21025 and 210-358669. 

The length of a room is twice its breadth and the area is 
1152 foot) what is its length 1 
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7. If 10 scudi be worth 52'5 francs, and 16 shillings are 
worth 20 francs ; how much in English money will be equi- 
valent to 46 scudi ? 

8. If 3 men with 4 boys earn £5 „ 16«. in 8 days, and 
2 men with 3 boys earn £4 in the same time; in what time will 
6 men and 7 boys earn 20 guineas 1 

9. State the meaning of interest and discount. 

Find the sum which will produce £146 „ 11«. „ l^d. interest 
in 4^ years at 3 per cent, per annum, simple interest 

10. A tradesman who is ready to allow 4 per cent, per 
annum, compound interest, for ready money, is asked to give 
credit for two years. If he charge £22 „ 10*. „ Sd. in his bill ; 
what ought the ready money price to have been 1 

11. A person invests £1839 „ 18*. „ 3<f. in the 3 per cents, 
at 91^. What ill his income derived from the investment ? 

A person invests in the 3 per cents, so as to receive 3 per 
cent, clear on his investment when there is an income-tax of 
9d. in the pound. What per centage does he receive if the tax 
be increased to If. in the pound 1 

12. If the price of barley be 6*. per bushel and the cost 
of malting a quarter of barley be 2s. „ lOd. ; how much malt is 
made from 621 quarters of barley, provided the maltster pay 
25s. tax per quarter of malt and obtain 5 per cent, on the 
whole of his outlay by selling malt at 78*. per quarter ? 



Second Division B, 1861. 



1. What number must be added to sixty-nine thousand, 
four hundred and twenty-seven, to produce three hundred and 
twenty-five million, seven thousand and twenty-one ? 

2. Define a vulgar fraction, and prove that a fraction iB 
not altered in value if the numerator and denominator be 
multiplied by the same quantity. 

8 39 
Arrange in order of magnitude the fractions r^ , ;:^. and 

33 161 

47 

■r--, and express the difference of the first two as a fraction of 

the difference of the last two. 
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3. State and prove the rule for the multiplication of deci- 
mal fracUona. Multiply '01386 by 61*37 ; and divide the result 
by 277. 

4. Find the value of 

3 1 2 2 

7 of rr of ;£l „ 18*. + « of '375 of 16*.+g of -45$ of 8*. „ 3rf. 



and express the result as a decimal fraction of £6, 

5. The examination for mathematical honors commences 
each year at 9 o'clock on the Ist Tuesday in January. 

In 1861, the examination commenced on January 1st. Find 
the number of seconds which will have elapsed from the com- 
mencement of the examination in 1861 till its commencement 
in 1862. 

6. A man purchases a bale of cloth containing 80 yards at 
^1 „ 12f. per yard. He sells half of it at an advance of 25 per 
cent ; two-fifths of it at an advance of 4s, per yard, and the 
remainder, which is injured, at half the cost price ; find his 
total gain, and his gain per cent 

7. Explain the mode of stating a question in the ** double 
rule of three." 

If the penny-loaf weigh 6 oz. when wheat is at 5s. per 
bushel, what should be the price of a loaf weighing 4^ lbs. 
when wheat is at Is, „ 6d, per bushel 1 

8. A cubic foot of gold is extended by hammering, so as 
to cover an area of 6 acres. Find the thickness of the gold in 
decimals of an inch, correct to the first two significant figures. 

9. Find the interest of j£808 „ 6#. „ Sd. from the 1st of 
January, 1861, to May 27th, 1861, at 4^ per cent per annuoL 

10. What is discount ? and what is the present worth of a 
bill ? 

Find the discount on a bill of £4Sl „ I5s. „ lO^d. due three 
months hence, and discounted at 7^ per cent per annum. 

11. If 6 per cent be gained by selling a horse for 
£79 „ lOs.; how much is lost per cent, by selling him for £69 ? 

12. In the University boat-race of 1860, the Cambridge 
crew rowed 39 strokes per minute, and the Oxford crew 41 ; 
but 19 strokes of the former were equal to 20 of the latter. 
The Cambridge crew rowed over the course in 25 minutes, and 
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the length of the coarse was 4 miles. Find the number of feot 
and the namber of seconds bj which the race was won. 

13. A man inyests ;C8063 in the 3 per cents, at 91^, the 
brokerage being - per cent. ; what will be his dear income, 
after an income-tax of lOi. in the pound is deducted 1 



October^ 1861, {A), 



1. From one thousand and eighty-nine million seyen hun- 
dred and four, subtract eighty thousand five hundred and 
forty-two; and divide the remainder by one hundred and 
thirty-nine. 

2. An Englisliman going abroad takes with him 60 guineas; 
during the 28 days he is abroad his average expenditure is 30 
francs per day : his travelling expenses out and home amount 
amount to £l^ extra. If 25 francs be equivalent to £1, how 
much money does he bring home with him ? 

3. Express in their simplest form, 



« (n)K-i)- 



4. Reduce to their equivalent vulgan fractions in their 
lowest terms the decimal fractions, 

•03126; 'Hi, and '72*, 

and find the value of 

•03126 of ;£20 + ^f28 of 6/r. „ 2(/.-f 7i8 of ;£2 „ U „ Zd. 

6. If 4 men working 12 hours a day can reap a field 
400 yds. long by 60 broad in 3 days; in how many days will 
8 men working 10 hours a day reap a field 1000 yds. long by 
200 broad? 

6. A factory has 120 windows; 80 of which contain 16 
panes, each 16 inches by 12; the remainder contain 12 panes 
each 1 foot square; find Uie cost of glazing tho whole at 
U. „ 6i. per square foot 

7. An excursion train a quarter of a mile long loaves a 
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rtaiioii 9itSh.yf 22ul ; and trayels at the rate of 40 miles an 
hour; the ordinary train which trayda at the rate of 66 feet 
per seoond, learea the station at 8 h. „ 26 m^ and ioUowB the 
other. 

How soon afterwards may a ooIliBion be expected? 

8. ;£550 f, 10#. is borrowed on the 1st of Jannary, 1861, at 
the rate of 5 per cent, per annnm. 

What sum will repay the debt on the 20th October, 1861 ? 

9. Disttngnish between interest and discount. 

What is the present worth of a bill ? 

Find the present worth of a bill for <£804 „l3s, „ Ad. dis- 
ooonted 2 months before it is dne, at 3^ per cent per annouL 

10. Find the amount of ^2500 at the end of 3 years, 
reckoning compound interest at 4 per cent, per annum. 

11. A person inrests 1000 guineas in the 3 per cents, at 

92 j, paying -th per cent, for brokerage ; what income does he 

derive from his investment 7 If he sell out when the funds 
have risen to 96 (brokerage as before), what does he gain by 
the transaction ? 



Fir9t Division A, 1862. 

1. Write in figures one million ten thousand and one, 

1010001. 

Subtract Zdl/rom 1862 and explain the process. 

Cf. § 19. 

A number augmented hy one-fourth qf itself is multiplied 
by 219 and the product is 3417495. Whait is the number f 

Since - of the number x 219= 3417495, 

4 

the number = -^rr^ — x- 

2i9 O 

6S3499X4 
~ 219 
= 12484. 
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2. Divide 347923 by Z5 by »hort divition, and explain 
the rtde/or obtaining the remainder. 

Since 36 » 5 x 7^ we have 



5 

7 



347923 



69584, 3 



9940, 4 

Therefore 4x6 + 3, or 23 is remainder. See this explained 
§ 29, p. 30. 

3. The regulations respecting Exhibition tickets from 
the opening on Thursday, May 1, to Saturday, October 18, 
are as/ottotos : three-guinea season-tickets alone admit to the 
opening. £1 will be charged on May 2 and 3, and on three 
exceptional days (not in May, nor shilling days). From 
May 5 to 17 the charge will be 5s., and for the rest of the 
month 2s. „ Bd., except one day in each week when the charge 
is to be 6s. After May the charge for admission will be Is. 
on four days qf the week, and probably 2s. „ 6d. on the re- 
maining days. On this supposition estimate the saving, by 
taking a season-ticket, qf a person who proposes to be a daily 
visitor. 

To the dail J yUitor, if not a season-ticket holder, the charge 

would be as follows : 

£. $. d. 

For May 2 and 3 2„ 0„0 

May 6 to 17, 12 days, inclnsive of one Sxmday, 

at 5«. per day 3„ 0„0 

May 19 to 31, ten days at 2s, „ 6d,, and two days 

at 6s, , 1 „ 16„ 

From 1 June (first of June being Sunday) to Satur- 
day 18. October, there are 20 weeks at ds. each 9 „ „ 

Add extra charge for 3 exceptional days on half- 
crown days; t. A add 3 X 17f. >, 6^ 2„12„6 

Total 18,, 7„6 
Deduct price of a season-ticket 3 „ 3 „ 

16 „ 4 „ 6 

4. How many grains are there in a pound qfgofdf 

The gold procured frotn Australia in 6 montJis in 1861 
amounted to 209,096 ounces. In 1861 the New Zealand gold 

m 
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. JuldM ffiMed 228,292 ouneet in the same time. What is the 
exce99 in weight and vcUue {at £3 ,, 17«. ^ 10^^ P^r ounce) 
<2/* the average monthly return from New Zealand over that 
Jrom Atutralia f 

Gold is weighed by Troy weight, in which 5760 grs.^ 1 lb. 
Next, from New Zealand 228292 
from Australia 209096 

6 ) 19196 excess in 6 months 

3199i excess in ounces in 1 month. 

To find the yalue of 3199^ ounces at £3 „ Vie. „ 10^., is to 
multiply 3199'S by 3*89375 : whence, by contracted multipli- 
cation, 

-0319933333 
573983 

95980000 

25594667 

2879400 

95980 

22395 

1600 



12467-4042 
Therefore £12457 „ 8*. „ \d, is, by inspection, the yalue. 

6. StaXe the rule for the mtdtiplication of Vulgar Frac- 
tiune, and deduce a meaning for the operation. 

Reduce to simplest forms 

3 6 

/8 3,^,\ 9 ,6 7 

I --- + - of 7i I -i- — - : and - + — ^— • 
\17 6 ^) 11' S \, . 11 

9 ^*"^l2 

TT n ^ /8 3 15\ 9 

Here first (^j^ + ^-x~j^» 

"U7 2/^^ 9 - 34 ^ 9 

= 185? ^ 23^ 
■" 306 306* 
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Also 



8 
5 

8 
9 



6 

7 



I'T 


^S 




27 
40 


^h 


101 
12 


27 
*^40 


60 
707 




21489 





28280 * 

6. SkUe and explain, from an example or othermee, the 
rule for converting a Vulgar Fraction into a decimal, 

Cf. § 76. 



Find the value qf 
(1) (3*71 -l'908)x 703. 

3*71 
1-908 

1-802 
703 



(2) 620-6 4- -026. 

2-6 ) 62060 ( 24820 
120 
206 
60 
00 



6406 
126140 



12-66806 
7. Find by Practice tlie value qf 

(1) 1032 articles at £l „ 11*. „ 6id. each. 

(2) 6 tons „ 7 act. „ 2 qrs. „ 17 lbs. at £3 „ 10*. „ Id. 
per eict, 

1032 artidea at £1 each would cost j£l032. 



10«. 
1 

4 
1 



i 
i 
i 



1032 „ 





616,, 





61 „ 


12 


17,, 


4 


4n 


6 


2„ 


3 



1623 „ 6 

^3 „ 10*. „ 7^. =£3-62914, 

and 6 tons „ 7 cwt. „ 2' qrs. „ 17lb8.»127'661786 cwt 

ee2 



ngain 
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'00127661786 
619253 



3829554 

638259 

25530 

11489 

127 

77 



450*5036 

therefore^ deiermiiiiiig the value of the decimal by mspection, 
jg450 „ 10«. „ 1(3?. IB the cost. 

8. ' Whai it the valm of '3375 qfan acre f 
Reduce £l „ 15«. „ 4d. to the decimal qf 2 guineas. 

•3375 

■ 4 

1-3500 
40 



140000 

thereforo 1 rood „ 14 poles Ans. 

4-2) 3'55 (•S4126S 
173 
53 
113 
293 
413 
353 

9. Diitinguish between interest and discount. 

Shew that there isl6s, difference between the interest and 
discount <if £82 ,, lOs./or two years at 5 per cent, 

82-5x1x2 

= 8*25, the interest 
110 : 82-5 :: 10 : Dis^ 
110 2>w.=825, 
IHs.^1% 



I 

4 
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therefore 



8'26 interest for 2 years 
7*5 discount for 2 years 

158. is difference. 



10. Draw the shapes, and namSf as descriptive qf magni- 
tudej the following prodiu^ : 

(1) 1 foot X 1 foot, (2) 1 yard>^ 1 foot. (3) 1 inch x ^ inch, 

(1) (2) 



An area of 

1 square 

foot 



An area 3 feet by 1 foot, 
containing 3 square feet. 



(3) 

[ZZ] 

An area containing 73 of a square inch. 

How many bricks, qf which length, breadth, and thickness 

are 12, 9, 6 inches respectively, wiU be required to build a 

wall, whereqfthe length, height, and thickness are 64, 9, and 

lifeetf 

3 1 

Each brick being 1 foot long, 7 of a foot wide and ^ of a 

foot thick, 

Ix- x-xa?=64x9x5^, 

^=64x9x4, 
«= 2304 bricks. 

11. A person sells out of the 3} per cents, at 92} and 
realizes ^£18550 ; if he invest one-fifth qf the produce in the 
A per cents, at 96, and the remainder in the 3 per cents, alt 90, 
find the alteration in his income, 

92| : 18660 :: 3} : so, 
^x«= 18660 x3i, 

4 
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;»=18660xs ^^ 
2 371 

= 60x7x2 

= 7 00, income originally obtained 
from ^ per cents. 

He inYe8ts3710in the 4 per cents, at 96, 

Prom which his income =5^^^^ =^6164,, 1U„ Sd, 

24 
He next invests 14840 in the 3 per cents, at 90, 

From which his income = — >-^ 

3 

= £494,, 13*. „4{?. 

Therefore ;£649 ,, 5s. entire income, 

deduct this from original income of 700, and the difference is 
j£50 „ I5s., his loss in annual income. 

12. Find the sqtutre root of 998001 and qf 3*14159 to 
three places qf decimals, 

968601 (999 Jl4l J96 (1-772, &c. 

81 1 



189) 1880 27) 214 

1701 189 



1989)17901 347) 2516 

17901 2429 



3642) 8690 

7084 

13. If 6 pumps, each heaving a length of stroke qfSfeet, 
working 16 hours a day for 6 days empty the water out qf a 
mine, how many pumps, with a length of stroke 2^ feet, work- 
ing 10 hours a day for 12 days, will be required to empty the 
same mine, the strokes of the former set of pumps being per^ 
formed four times as fast as those of the latter f 

5 
6x3x16x6x4: Ans, x - x 10 x 12 :: 1 : 1, 

6 5 
.^n*. X g X :^4^ X 12 = 6 X 3 X 16 X 6 X 4, 
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= 15 pumps. 



Fir9t Division B, 1862. 

. 1. Write in figures ten millions one thousand and one. 

Add 397 to 1862 and explain the prooe8& 

A number diminished by one-fonrth of itself is multiplied 
by 219 and the product is 2050497. What is the number 7 

2. Divide. 329744 by 55 by short division, and explain the 
rule for obtaining the remainder. 

3. The regulations respecting exhibition tickets from the 
opening on Thursday, May 1, to Saturday, October 18, are as 
follows : 

Three guinea season tickets alone admit to the opening. 
£\ will be charged on May 2 and 3, and on three exceptional 
days (not in May, nor shilling days). From May 5 to 17 the 
charge will be 5^., and for the rest of the month 2«. 6^., except 
one day in each week when the charge is to be 5«. After May 
the charge for admission will be Is. on four days of the week. 
If of the remaining days 18 should be &s, days and the rest 
half-crown days, estimate the saving, by taking a season ticketi 
of a person who proposes to be a daily visitor. 

4. How many lbs. are there in 97920 grains of gold ? 

The gold procured from Australia in nine months in 1851 
amounted to 313644 ounces. In 1861 the New Zealand gold- 
fields yielded 342438 ounces in the same time. What is the 
excess in weight and value (at £^ „ VJs, „ 10^<f. per ounce) of 
the average monthly return from New Zealand over that from 
Australia % 

6. State what is meant by multiplication of fractions, and 
hence deduce the rule for the operation. 

Eeduce to simplest forms 

3 5 

(|of7i-^).lf;«.d|--l^. 

9 ^*""l2 
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6. State and explain, from an example or otherwise, the 
mle for conyerting a yolgar fraction into It decimal. 

Find the yalue of 

(1) (37-1 - 1908) X '703. (2) 6206 -^ '0125. 

7. Find by practice the yalue of 

(1) 2157 articles at £"1 „ 7*. „ 4^^. each. 

(2) 25 acres „ 3 roods „ 16 poles at £S „ 12*. „ ed, per 
acre. 

8. What is the value of -3375 of a ton ? 
Reduce 14#. „ 9 {</. to the decimal of £% 

9. Distinguish between interest and discount. 

Find the difference between the amount of ;£247 „ 10*. for 
2 years and the present worth of the same sum due after 
2 years, at 5 per cent 

10. Draw the shapes and name (as descriptiye of magni- 
tude) the following products : 

(1) 1 yard X 1 yard. (2) 1 foot x 1 inch. (3) 1 yard x J foot. 
How many bricks of which the length, breadth, and thick- 
ness are 9, 6, 3 inches respectively, will be required to build a 
wall, whereof the length, height^ and thickness are 72. 8 and li 
feet? ' ' ^ 

11. A person sells out of the 3^ per eoits. at 92| and, 
realizes ^£18550 : if he invest two-fifths of the produce in the 
4 per cents, at 96 and the remainder in the 3 per cents, at 90 ; 
find the alteration in his income. 

12. Find the square root of 603729, and of 12'66636 to 
three places of decimals. 

13. If 6 pumps, each having a length of stroke of 3 feet, 
working 16 hours a day for 6 days, empty the water out of a 
mme ; what must be the length of stroke of each of 16 pumps 
which, working 10 hours a day for 12 days, would empty the 
same mine, the strokes of the former set of pumps being per- 
formed four times as fast as those of the latter ? 



1 



I 

t 



) 

1 
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Second Division A, 1862. 

1. The product of two numbers is 1270374 and half of one 
of them is 3129 ; what is the other number ? 

What will remain after subtracting 213 as often as possible 
from 83216 ? 

2. Distinguish between prime and composite numbers. 
Shew how to resolve a composite number into its prime factors, 
and by so doing for the numbers 1071, 1092, 2310, find their 
greatest common measure. 

3. The total stock of gold coin and bullion in the Bank of 
England on a certain day being of the value of ;£ 16,548, 126, and 
the weight of it 354160 lbs., determine the value of an ounce of 
gold. 

4. From the rule for the multiplication of vulgar fractions 
deduce the rule for divisidh. 

11 3 

Multiply the sum of - , - , and - , by the difference between 

Reduce to its simplest form 2^ + ^— -- . 



6. Express as the fraction of ;£10 the difference between 

3 2 

-; and find the value of r 
o 



3 2 

£9^ and ^8x -; and find the value of r of a ton of sugar 



3 

when — of a ton is worth M „ 6«. 
Id 

6. Give rules for the division of decimals. 

Divide 01 by -01001 and 01001 by 01. 

Find the value of '3375 of a ton ; and express 18«. ,« 1 1^. as 
a decimal of a guinea. 

7. Define the terms interest, discount, present worth. 

Find the difference between the simple and compound in- 
terest of ^649 „ 15«. for 2 years at 5 x>er cent 

8. Find the present worth of £\Z^ „ Zs. due 2^ years 
hence at 4^ per cent simple interest. 



1 
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9. Find the value of 14764 articles at £1 „ 17«. „ ^d. 
each; and of 191 acres „ 3 roods „ 37 poles at £A2 „ 3#. „ 4dL 
per acre. 

10. An analysis of the Board of Trade returns for 1861, 
respecting shipwrecked liTes^ gives the following results : 

Saved by life-boats, 13^ per cent ; by rocket and mortar 
apparatus, 8 per cent. ; by ships' boats, &c. 62 per cent ; by 

individual exertion, - per cent.; lost, 16 per cent Deter- 
mine the number of lives saved by the several means enu- 
merated corresponding to the loss of 864 lives. 

11. A monolith of red granite in the Isle of Mull is said to 
be about 108 feet in length and to have an average transverse 
section of 113 square feet If shaped for an obelisk it would 
probably lose one-third of its bulk, and then weigh about 600 
tons. Determine the number of cubic yards in such an obelisk 
and the weight in pounds of a cubic*foot of granite. 

12. A person invests ^£5187 „ lOs, in the 3 per cents, at 
83, and when the funds have risen to 84, he transfers three- 
fifths of his capital to the 4 per cents, at 96 : find the alteration 
in his income. 

13. Find the square root of 767376 \ and the length of the 
side of a square whose area is equal to that of a rectangle, the 
sides of which are 47' 14 yards and 210 yards. 



October, 1862, {A). 

1. Subtract thirty million twenty-six thousand and three, 
from forty-five million seven thousand and twenty-one. 

2. Define a vulgar fraction, and shew that a fraction re- 
mains unaltered if the numerator and denominator be multi- 
plied by the same number. 

Add together ^I* Rh* 21 '^^^ 12' ^^ ^^ ^^** ^"^ 
tion their sum is of 2f of 1} of -i. 

3. Find the value of ^ of rj of 3 square yards 6 feet, at 

9 1 

~ of ^ of 4*. „ 2d. per foot 
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4. Prove the rule for diyision of decimals. 

From a rod 2*078 inches long, portions are cut off each 
equal to '0037 of an inch long ; find how many such portions 
can be cut off and what will be the length of the remainder. 

6. The price of oats being 30«. per quarter, it costs 178. „ 6d, 
per week to keep a horse ; if oats cost only 26«. per quarter 
the expense would be 16«. „ 2^d; what quantity of oats does a 
horse eat per year ? 

6. Extract the square root of 120409, and the cube root of 
3} to two places of decimals. The breadth of a room is twice 
its height and half its length, the contents are 4096 cubic feet; 
find the dimensions of the room. 

7. If 10 scudi be worth 62*5 francsj 16 shillings worth 20 
francs, and 12 carlini worth 4s, „ 2d. ; how many carlini are equi- 
valent to 600 scudi ? 

8. Point out the difference between interest and discount 

The interest on a sum at simple, interest is ;£28, and the 
discount «£21 „ lis. „ 6d. for the same time; what is the sum ? 

9. A spirit merchant buys two sorts of spirits in equal 
quantities, one at 1 shilling per gallon more than the other; he 
mixes them and sells the mixture for 168. „ 6d. per gallon, 
gaining 10 per cent, on his outlay. What was the price paid 
per gallon by the merchant ? 

10. * A person buys a farm of 150 acres for ;£4624, and after 
repairing the buildings, lets it at SOs. per acre, thereby getting 
a return of 4^ per cent for his money : how much did he ex- 
pend on repairs ? 

11. A person having his property in the 3 per cents, which 
are at 96}, sells out and invests in the Great Eastern railway 
«£100 stock which is at 55| and pays a dividend of 1| per cent: 

the brokerage for buying or selling is - per cent : will this in- 

crease or diminish his income 7 

12. If 6 men and 2 boys can reap 13 acres in 2 day^ and 
7 men and 5 boys can reap 33 acres in 4 days ; how long will it 
take 2 men and 2 boys to reap 10 acres ? 



428 
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Firit Division A, 1863. 

1. MuUiply 30040769503 hy 172814412 in three lines; 
and £671 „ Ids, „ Ad. by 147. 

Since 172800000 + 14400 + 12 = 172814412, 

if we multiply the given quantity by 12, then multiply that re- 
sult by 1200, and then that result by 12000, we shidl obtain 
three lines, which, if added together, will give the product re- 
quired. TioA 

30040769603 
12 





360489234036 

1200 




432687080843200 

12000 




6191044970118400000 


Hence 


360489234036 

432687080843200 

6191044970118400000 




6191477917688477236 


Again 


7x7x3 = 147; 


therefore 


£ 8. d. 

671 „ 13 „ 8 

7 




4001 „ 16 „ 8 
7 




28012 „ 9 „ 8 
3 




84037 » 9 „ 



2. Divide ^£43009 „ 9s,„4d,hy&4; and £2726 „ Ss. „ S^d. 
by A3. 

£ 8, d, 

8 43009 „ 9 „ 4 



8 



6376^,, 3 „ 8 
672 „ „ 6} 



EXAMINATION PAPERS. 429 

£ t. d. 

43 ) 2726 „ 6 „ si ( 63 

146 
17 
20 



346 ( 8 
2 
12 

32 

4 

129(3 
000 

therefore £63 „ 8«. » Ojii Am, 

Z. 7031 at 14f. „ ^\d,, and 6754} at £^ „ Is, „ 6d. 

Using contracted multiplication, i.e. writing lis, ,, 6}^^. as 
the decimal of «£1, and multiplying by 7031 invertedy we hare 

•7270833 
1307 

50895833 
218125 

7270 



51121228, 

whence, by inspection, £5112 „ 2s, „ 6^ is the Ans, 

Again, finding in the same way the cost of 6754*75 articles 
at £2-0708& we haye, 

•020708333 
574576 

124250000 

14495833 

1035417 

82833 

14496 

1035 



13987*9614, 
hence the cost is jS13987 „ I9s. „ 2}dl 

4. Interest on £8712 „ lOs, at ^per cent, for 15 months. 
Discount on j£l3735 at ^Iper cent, for 8 months. 
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1 1\ 
To multiply by 4 and divide by 100, and then to take r^ 



12 
of that result is to multiply by — x ^, or by — . 

20 ) 8712 „ 10 „ 0* 

435 „ 12 „ 6 An9. 

2 15 
Also the interest on £100 for 8 months is - of -r- , or 2}. 

102J : 13735 :: 2J : x, 

205 ^ 5 

— xar=13735x -, 

13735x6 13736 ^^, 
^=-205- = -4r=^^- 

5. What cost 1150 three per cents, at 92^1 and what 
three per cents, at 93| uiiU £6000 huy^ 

It It 
92i:^::100 : 1150^ 

« 185 «^ 
20?=— x23, 

4255 

«- 4 

= £1063,, 15«. 
Also, 93} : 6000 :: 100 : Ans^ 

-4n#. X -;- = 6000 X 100, 

4 

. 6000x100x4 

-^'''•= t:^ 

376 

=400x4x4 

=6400 stock. 

6. Addl'qf^ qf 44i^, I ^ n ^-^ ^^' ""^^ 2I ^^®^^* 
Take ~ (/£4 „ 0«. „ Id. from — </£7 „ 14*. „,ld. 

ox 4«> 

S 6 441 _ 63_ 
3 3 88 
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therefore 
Again, 



^x 1863=8x81 -648; 
21 + 1 + 648 = 670. 

Jof;e7m 

43 ^ 240" 
_ 5 X 43 

240 
=215 pence, 

2 



therefore 



31 of hh 

"31 ^ 240 
^2x31 
240 
= 62 pence; 

216-62 r^ UZd. = 12*. „ 9d. 



3*66) -01000000 (-002732, &c. 
2680 
1180 
820 
88 



7. Express ^asa decimal; and a day at a deeimal qfa 

leap year, 

6*4) -600 (-078126 
620 
80 
160 
320 
000 

8. Value £926 ; and *0833 qfMl „ 13*. „ Ad, Divide 999 
hy -37 ; and -1699 by 4100. 

By inspection, '926 s 18*. ,, 6^. 

Also, using contracted multiplication, 41*6 may be multiplied 
by -0833 in inyerted order, 

004166 
338 

33333 

1260 

125 



therefore 



3*4708 
£Z „ 9«. „ fSd, Ant, 
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3*7) 99900 (2700 Am. 41} "0001599 ('0000;i9 

259 369 

000 000 

9. Find the square root qf 16777216, and qf 44^, and qf 
- to 4 placee, 

ld7f 7SlA (4096 
16 

809) 7772 
7281 



8186) 49116 
49116 



Next, 44*=^; 

20 
therefore the required square root is -^ , or 6$, or 6'S. 

3 

Again, Vl^V^g^^/lO^ 316227, &c 
▼ O ▼ 26 o 5 

= '63245, &C. 

10. In which ttay had one better buy eugar^ aJt 3 ffuineas 

per cwt^ or at £2 „l6e. „ 4d. per quintal qf 100 We J and how 

much is one buying toJisn the gain by the more advantageous 

way is a guinea f 

63 
1 12 lbs. for 63*. is at rate of -r^ s, per lb. 

169 

The quintal for 56j(«. is at rate of — «. per lb. 

Excess in price per lb. when bought by quintal is 
169 63 4732-4725 



300 112 8400 

7 1 



of a shilling 
of a shilling 



8400 1200 
•"io^ofapenny. 

For this excess to amount to a guinea the quantity bought 

must be 

12 X 21 X 100, or 25200 lbs., or 225 cwt 



J 
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1 1. Three trees have their distancet o^ 3 : 4 : 5, and a rope 
of 4d2 feet long just goes round them. Find their respective 
distances. 

The perimeter of the triangle being 492 feet, and tho sides 
in the ratio of 3 : 4 : 5, the respective distances aie 

.^of492»3x41-123, 
r^ of 492=4x41 = 164, 
-^2 of 492=6x41 = 205. 

12. On tehat ^m is the daily interest at 4 per cenu one 
penny? 

100 X 366 : Ans. x 1 :: 4 x 240c?. : 1^., 

Ans, x 4 x 240= 100 x 366, 

Ans.^-^^-^ 

■=£ZSfy0s.„5d. 

13. Jfa grain qfgold is worth 2^d, what should a sove- 
reign weigh f Supposing the alloy in a sovereign to he rr 
qfthe whole, what wotdd it he worth if it were all gold f 

240-^2i=240x^ 

= 96 grains 
=4 dwts. 

Abo, the alloy having no value, if yr of a sovereign be 
worth 20«., — must be worth 2«. 

Therefore a sovereign all gold would be worth 22«. 

14. If 16 darics make 17 guineas^ 19 guineas make 24 
pistoleSf 31 pistoles make 38 sequins, then how many sequins 
are there in 1681 darics f 

FF 
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darioL gaineafli 

. 1581x17 
^^^- 16 

pistoles. 
1581x17x24 

16x19 
•equina. 
_ 1581 X 17 x^4 x38 
~ 16x19x31 

= 51x17x3 sequins 
= 2601 sequins. 



First Division B, 1863. 

1. Multiply 43002073252 by 133112191 in 3 lines; and 
£607 „ 13*. „ 8d. by 135. 

2. Divide £3388 „ 1i. „ 6|d by 33; and £21919 „ 18*.„ 1^^. 
by 13i. 

3. 6864 at I3s. „ 9ld. ; and 8864} at £2 „ 6«. „ lOd. 

4. Interest on £6787 „ 1 Of. at 3 per cent, for 16 months. 
Discount on £237655 at 3^ per cent for | year. 

5. What cost 2250 three per cents, at 91i ? and what 
three per cents, at 87^ will £3500 buy 1 

6. Add i of ? of 3J, and § of ^ of 203^, and ^ of 1863. 

4 7 O «7 *U7 

2 8 

Take s^ of £3 ^ 10#. „ Id. from fr of £4 „ Os. „ Id. 

13 

7. Express ^ as a decimal, and a pound as decimal of a 

hundred weight. 

8. Value £-3025 ; and 1433 of £83 „ 6#. „ 8^. Diyide 299 
by 13, and 3621 by 7100. 

9. Find the square root of 930372004, and of 60|i, and 
3 

of -^ to 4 places. 

10. Which way had one better buy coffee, at 6 guineas a 
cwt. or at £5 „ 12*. ,, 4d. per quintal of 100 lbs ? And how 
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much is one buying when the loss on the less advantaeeons way 
is £11 

11. A rope 496 feet long just goes round three trees whose 
distances from each other are as 4 : 5 : 6. Find the dis- 
tances. 

12. On what sum is the diuly interest at 5 per cent, one 
groat? 

13. If six grains of silver are worth fire &rthings, what 
should a crown weigh 1 

If the alloy in silver com is — of the mass, what would a 
crown be worth if it were all silver ? 

14. If 2 guineas make 3 Napoleons, and 15 rix-dollars 
mako 4 Napoleons, and 6 ducats make 7 rix-dollars, how many 
ducats are there in £490 ? 



Second Divmon A, 1863. 

1. Multiply 13 tons „ 6 cwt. „ 3 qrs, „ 11 lbs. by 24. 

2. Divide £13043 „ 3*. „ 3|rf. by 679 ; and £66931 „ 12*. „ 9d. 

by6i. 

3. 17392 at efd, ; 8044^ at £2 „ 14». „ Sd. 

4. If 19 men finish a work in 437 days, how long would it 
take 23 men ? 

5. If 45 cwt. carried 65 miles cost 9«. „ 9d,y what will 60 
cwt carried 90 miles cost ? 

6. Interest on £3712 „ 10«. at 4j^ per cent for 3^ years. 
Discount on £55447 at 4^ per cent due after 2^ years. 

7. Find the greatest common measure of 68635 and 19721, 
and the least common multiple of 8, 9, 10, 12. 

8. Add-,g,-. Addg,^,-^,gj. Take-of-^of84 

from I of ^ of 504J. 
11 

9. What decimal is a day of a year? and 2s, „ 7fd. of 
\S8. „ 2jrf. ? Divide 7821 by 079, and 10304 by 9200. 

ff2 
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10. Find the square root of 67108864 ; and of 1 to two 
places of decimals. 

11. A offers for an estate JE83000, B offers £96000 after 3 
years. Which is the better offer, and by how much, allowing 
five per cent, compound interest % 

12. If the 3 per cents, are at 92}, and the four per cents, 
at 123^, in which should one invest? and how muck is one in- 
vesting when the difference in income is a shilling? 

13. What must be the gross produce of an estate that 
after paying a ten per cent, income-tax, and a rate of Is. „ 1^^. 
on ;£1 on the residue, there may remain ;£2574 per annum ? 

14. If a population is now ten millions, and the births 
being 1 in 20, the deaths are 1 in 30, what will the population 
become in 5 years ? 

15. Can j^2, ^3, ^/lO be sides of a triangle ? 



Octd)&r, 1863, {B), 

1. Multiply 40837 by 99989; and ;£10796 „ 8f. ,, 3^^. by 96. 

Divide ^3609 „ 5«. ,^ 5^. by 25 ; and ;C7817 „ 12#. „ 10^^/. 
by 127. 

2. How many ducats of 4«. „ \\\i, each are worth 55926 
rix-dollars of As. „ lO^e^. each ? 

3. What is the dividend on a bankrapt*8 estate, when his 
debts are £4800 and his property £3680 ? 

4. If 36 men finish a work in 44 days, how long will it take 
66 men ? 

5. If 4^ tons are carried 40 miles for 14t. „ 2(^., how fai* 
will 5^ tons be carried for £l „ 7«. „ ^d, ? 

6. 30848 at ^d, ; 9836 at 7«. „ 1\d. ; 3044| at £2 „ 16«. „ 4</. 

7. Find by practice the value of 37 lbs. „ 3 oz.„ 9 dwt „ 
15 gr. troy, at £2 „ 13«. „ 4df. per ounce. 

8. Find the interest on £328500 at 6 per cent fbr 200 
days ; and the discount on £13051 due after 18 months at 3^ 
IKsr cent. 

9. What is the amount of £14025 at 4 per cent, compound 
interest for 4 years ? 
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10. Find the greatest common measure of 30012 and 
13237, and the least common multiple of 16, 24, 30, 36. 

11. Add J of ? of 16J, J of f-^ of 12f, I of 1 of 1863. 
Take — of M „ 10*. „ 9d, from f~ of £6 „ 68. „ 9d, 

00 0^ 

12. Simplify -^, and -^ ; and divide the sum of 2} and 2^ 
by their difference. 

13. Express 6id» as decimal of a shilling ; and 8*. „ Afd, as 
decimal of £3 „ 78. „ 2d. Value X'3126 ; and *613 of £12 „ 10*. 
Divide '1089 by 33; and 911*6 by -0086; and '005829 by '00067. 

14. Fmd the square root of 88804, of 10j|, and of '0036. 

16. If tea is bought for £28 per cwt, and sold at 68, „ l^d, 
per lb., what is gained per cent. ? 

16. If a national debt of ^£512000000 has an eighth part of 
its then existing amount paid off every year, how soon will it be 
reduced to less than half its original amount? 



Previous Examination, March, 1864. 

1. Multiply ^653 „ 19«. ,^*l\d. by 2^; and 2:^ years „ 35 
days „ 13 hours by 16. Divide ^£7000 „ 7*. „Ud. by 365 ; and 
203 tons „ 17 cwt. „ qrs. „ 8 lbs. „ 13 oz. by 3^. 

2. If 37 tons carried 57 miles cost £% „ lUs, „ 9d.f what 
will 63 tons carried 83 miles cost ? 

3. Find by Practice the amount of 46384 at 8^^; of 6088| 
at £2 „ 98. „ 2d'; of 1292 cwt. „ 3 qrs. „ 8 lbs. at 35*. per cwt. 

4. Find the interest on £IS*I5 at 3| per cent, for 16 months ; 
and the discount on £6191 „ 10«. „ Id, at 3| per cent, for 
4 months. 

5. Find the amount, at compound interest, of ^£1864 at 4^ 
per cent in 3 years. 

6. Find the greatest common measure of 40033 and 129645; 
and the least common multiple of 144 and 180. 
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§» 



%f I of 1864 

From r^ - cwt. take f^ of 2 lbs. „ 7 oz. 

17 

8. Express j^ as a decimal; and 111 as an ordinary 

fraction. 

Find what decimal 4«. „ S^d, is of £1 ,, 4s. y, 5id, 

9. Divide 656 36 by 25-6 ; and 100 by -26 ; and "25 by 100. 

10. Extract the square root of 40054818769 ; and l^i^ ; 

and -A . 
3 

11. Find the solid content of a box 6 ft „ 9 in. long> 
3ft „ 8in. broad, and 3ft „ 4 in. high. 

12. Af B, C, contribute respectiyely to an undertaking 
£105, ;£165, £285» and they gain £195 ; how shall they divide 
it equitably ? 

13. How much will a man save out of an annual income of 
£706, who spends a guinea and a half a day ? 

14. If copper is bought for £50 a ton, and sold for 6d. a lb., 
what is gained per cent ? 



Previous ExamincUion. March, 1865. 

1. Explain the method of representing numbers by figures 
in the ordinary or decimal system of notation. 

Express in figures ninety-nine million and nine thousand. 

2. Divide 3672965 by 2 x 3 x 6 (Short Division). Explain 
every step of the process. 

3. A person left a sum of money which was divided equally 
amongst 43 poor people, such that after a deduction of 6^. in 
the pound, each received £2 „ 18«. „ M. What sum did he 
leave ? 
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4. Define a fraction, and shew from your definition that 

2 6' 

5. Add together 253^, 47f, 6h ^^^^ ^ofli; and divide 
the result by '01, 

6. Subtract ,03 from ,dS ; and divide the result by ,10S. 

7. Find the decimal of a week which differs from a day by 
less than the millionth part of a week. 

8. The decimal subdivisions of a pound sterling being 
florins, cents, and mils, amongst how many people must 
£1 „ 6 florins „ 6 cents be divided in order that the share of 
each may be 1 florin „ 4 mils ? 

9. What sum of money will amount to £138 ,, 2s, „ 6^. in 
15 months at 5 per cent per annum simple interest ? 

10. Find the discount on £520 „ lis. „ 6d. due 3^ years 
hence, the rate of interest being 4j^ per cent, per annum. 

11. A room whose height is LI feet, and length twice its 
breadth, takes 143 yards of paper 2 feet wide for its four walls ; 
how much carpet will it require ? 

12. A person on leaving England exchanged his money for 
French money at the rate of 25 francs for a sovereign, and on 
arriving at Munich received 135 Bavarian gulden for 15 Napo- 
leons : what was his loss in English money, supposing a gulden 
to be worth Is, „ S^d, ? 

13. The road between two towns, A and B, distant 15 
miles, goes over a hill, whose summit is 3 miles from jL Two 
pedestrians set out at the same time from A and B, the former 
going 4 miles an hour uphill, and 5| down, the latter 3J uphill, 
and ^ down; where will they meet ? 



Premous Examination^ 1866. 

1. Describe the common system of numerical notation. 

Write down in figures six hundred and fifteen million four 
hundred thousand and twenty-three ; and express in words the 
number 1659800205. 
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2. Multiply 985437 by 6769, explaining the procefis. 
Divide 2164697776 by 68585. 

3. The sum of JS276 „ I5s. „ l^d. is divided among 18 per- 
sons ; what will each receive ? 

Find the cost of 356 artides at £7 „l5s. „ *!ld. each, by 
practice. 

4. Prove that the numerator and denominator of a frac- 
tion may be multi^died by the same integer without altering 
its value. 

®^°^P^'^yi829- 

4 

Find the value of ^-^ + ^^ + 77- 

Sf 9 2 4f 

6. Enunciate the rule for the addition of fractions 
Divide 2^ of 2| by 2f-2i. 

4246 
Reduce ^^^ of £1 to the fraction of a Prussian dollar. 

(;£1» 6} dollars.) 

17 372 

6. Reduce to decimals the fractions t^. and 



125 1250 

Convert into vulgar fractions the decimals '0006876 and 
•428671. 

7. Milltiply -007853 by '00476. 
Divide -2219904 by '3854. 

8. Extract the square roots of 61825601 ; '013689. 
Find the value of ^2-^2 to 6 places of decimals. 

9. Tlie sum of £328 „ Sa. „ e^d. is to be divided between 
four men, A, B, (7, and 2>, in such proportion, that for every 
£S given to ^, -S is to receive £5, C £Sj and D £9, What 
sum did each receive ? 

10. What Slim will amount to ^£425 „ I9s, „ 4^d. in ten 
years at 3 J^ per cent simple interest ; and in how many years 
more will it amount to £435 „ Us, „ Id A 

Find the true discount on £126 due two years hence, at 
4 per cent, per annum. 



EXAMINATION PAPERS. 441 



11. Find the amount of £1000 in 6 years at 5 per cent 
compound interest. 

12. If 15 men take 17 days to mow 300 acres of grass, 
how long will 27 men take to mow 167 acres ? 

13. A rectangular cistern, whose length is 13|feet and 
breadth 6 feet, contains 294^ cubic feet of water : what is tho 
depth of the water ; and wliat is its weight, when a cubic inch 
of water weighs 252*5 grains ? 



Previous Examination^ 1867. 

1. What do you understand by 25 ? Might 25 admit of 
more than one meaning ? 

2. A man died in 1867 aged 92, his son died in 1823 at 
the age of 17. How old was. the father when the son was 
bom? 

3. Write down all the numbers of 4 digits you can form 
with the digits '3, 6, 0, 4 and add them together. 

' 4. Divide 79875 by 63 by short division : give a reason for 
your metliod of determining tho remainder. 

5. Multiply '0204 by 40*2, and divide 999666 by 037. 

6. Extract the square root of 20 to 4 places of decimals. 

7. Prove that a fraction is not' altered by multiplying its 
numerator and denominator by the same quantity. 

A^^ w«fi,a, 7 5 8 13 15 
Add together ~,-,^-^,2g,-. 

8. Find the compound interest on £3945*3125 for 4 years 
at 4 per cent 

9. A bankrupt can pay 69, „ 8^. in £: if his assets were 
£500 more, ho could pay 7«. „ 4d. Find his debts and his 
assets. 

10. The manufacturer will supply a certain article at 
l^. ; if a tradesman charges 2d. what profit per cent does ho 
make 1 

11. The price of diamonds per carat varies as the square 
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of their wdgbt : if » dxamond of 2 carats is worth £Z2, what is 
the Talue of a diamond of 3 carats ? 

12. Wishing to pay 18 kreutzer, I give 1 thaler and 
receive in change 22 kreutzer 10 silber-groschen and half a 
gulden. I know that 1 thaler is 30 silber-groschen and 1 gul- 
den is 60 kreutzer. Find for me how many gulden are worth 
4 thaler. 

13. A man walks a certain distance and rides back, in 3 
lirs. 45 min. : he could ride both ways in 2^ hours. How long 
would it take him to walk both ways ? 

14. In a constituency in which each elector may vote for 
two candidates, half of the constituency vote for A, but divide 
their votes among B, C, D, E in the proportions of 4, 3, 2, 1 ; 
of the remainder, half vote for B^ and divide then: votes among 
(7, />. E, in the proportions of 3, 1, 1 ; two-thirds of the re- 
niHinder vote for D and E, and 540 do not vote at all ; find the 
order on the poll ; and the whole number of electors. 



Premoui Examination, 1868. 

1. Find the product and quotient of 390625 and 244140625. 

2. Shew how many yards of carpet (2 ft. wide) it vdll take 
to furnish a room whose floor measures 8 yards by 7jt yards. 

If the same room be 9^ feet high, find how many cubic feet 
it contains, 

3. An Austrian souverain and gold ducat are worth 
lZs.y,\ld.<, and 9«. „ 6d. respectively. How many ducats are 
equivalent to 4560 souverains ? 

4. Distinguish between a vulgar fraction and a decimal 
fraction. 

Multiply 999it}J ^7 999. 

5. State the rule for the multiplication of decimals ; and 
verify it by means of the products 1*23 x 0011, and 29000 x *01. 

6. Divide •§? by •i4S ; and shew that ^ = ^^^ . 

'41 414141 

7. Whatare the aliquot parts (greater than — ) of 1 cwt. 1 
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Find by practice the value of 3119 tliiii0B at X4^ 7s, „ 7d, each ; 
and of 9 tons ,, 19 cwt. „ 3 qrs. „ 14 lbs. at ^28 per ton. 

S. Find the square root of 121*2201 ; and the cube root of 

423987 g^. 

The latter root is a mixed number, whose fractional part 
. 1 

'' S' 

9. A debt of ^18 „ I5s. „ lOd, is paid in crowns, shillings, 
and pennies, whose numbers are proportioned to 3, 2, 1. Find 
the number of each coin. 

10. Define interest and discount. Find the amount of 
X2160 „ 128. „ ed. in 1 yr. „ 73 dys. at 5 per cent, interest 

11. Find the discount on £4120 „ Ss. „ 7d. due 9 months 
hence ; interest being reckoned at 4 per cent, per annum. 

Does the creditor or debtor gain, by computing interest 
instead of discount 1 

12. When wheat is I5s, per bushel 8 men can be fed for 
12 days at a certain cost. For how many days can 6 men bo 
fed for the same cost when wheat is 12«. per bushel ? 

13. A four-wheeled carriage travels round on a circular 
railway. The circumferences of the two wheels of the carriage, 
and of the two circles of rails, are proportional to 6, 7, 7000, 
7014. Find the number of revolutions made by each of the 
four wheels in a complete circuit. 



Previous Examination, 1869. 



1. In subtraction how do you evade the difficulty of taking 
a greater digit from a less 1 Illustrate your answer by taking 
791 from 943. 

2. What is a measure ? a common measure ? the greatest 
common measure ? 

Find the greatest common measure of 

13x17x19, 17x19x21, 19x21x13. 

3. Divide 24763 by 66 by short division. Explain how you 
determine the remainder. Justify your method. 
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4 Add together 23'07d, 19'^4i, 31'2di; and multiply 
3*62015 by 100236. 

2 3 3 

6. Add - of Y to =^ of 2 J ; and multiply the result by 



QOil^t)- 



6. What fraction is 8 lbs. troy j, 1 oz. ,, 19 dwts. „ 9 grs. of 
13 lbs. „ 7 oz. „ 5 dwts. „ 15 grs.? If 8 lbs. „ 1 oz. „ 19 dwts. „ 
6 grs. cost ;£10 „ 6s. „ ed., what will 13 lbs. „ 7 oz. „ 5 dwts. „ 15 grs. 
cost? 

7. " 15 ft. „ 4 in. X 14 ft. „ 6 in." Write the preceding in 
words, and explain what it may mean with reference to the 
next question* 

8. Find the cost of varnishing the floor of a room 14 ft. „ 
6 in. broad, and 15 ft. „ 4 in. long, at 6d. per square yard. 

9. Find by practice the cost of (i) 1842 articles at 
£2 „ 69. „ 9^^. each ; (ii) 2 tons „ 7 cwt. ,, 22 lbs. „ 5 oz. at 
£32 per ton. 

10. A scuttle of coals is charged 6d. when coals are 27s. a 
ton ; how much ought the scuttle to hold ? 

11. Find the difference between the interest and the 
discount on £313 „ I9s. for 8 months at 6 per cent 

12. The interest on £300 from 2 June to 20 September is 
£2 „ 5s. „ 2^d. ; at what rate is it calculated ? 

13. A tradesman's prices are 20 per cent, above cost price : 
if he allow a customer 10 per cent on his bill, what profit does 
he make ? 

14. On a stream, B is intermediate to and equidistant 
from A and C; a boat can go from ^ to ^ and back in 5 
hours „ 15 min.; and from A to C in 7 hours: how long 
would it take to go from G to Al 

15. I have a certain sum of money wherewith to buy a 
certain number of nuts ; and I find that if I buy at the rate 
of 40 a penny I shall spend 5d. too much ; if 50 a penny, 
lOc^. too little. How much have I to spend ? 
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L WincJiester, 

1. (5i)*=30i. 

2. ^357668 „ Zs. „ Sjrf . ; and 1 1 cwt. „ 2 qrs. „ 18 lbs. „ lOj oz. 
n. £19379 „ 15«. „ 5^;. ; and ;£2131 », 14«. „ 11^. 

4. 5406720 ; and £270336. 6. 4032. 6. 11. 
7. 6^t sum ; If^ dif. ; 8^ J prod. ; IJff quot. 8. 32 days. 
9. 80 yds. 10. 4^ miles. 

II. Winchester. 

1. (5if=30i. 2. £359550 „ 12*. „ 8j<f. ; and 

11 cwt. „ 2 qrs. „ 18 lbs. „ 10 oz. „ 8 drs. 

3. 65j sq. feet ; and 38.J^ cubic feet. 4. £987 „ 10*. 

5. \\ miles per hour; and 30 minutes. 

355 

6. Quot of sum by dif. is 7.5? | ; and of dif. by sum ~ , 

7 

7. - ; and 175. 8. 666*4 geographical =652'40d ordi- 
y 

nary miles. 9.. 18. 10. 4^. 

11. o'^"o + T=io» whence his mistake : the sums in proper 
proportion are 3*., 2*., 1*. Qd, 

III. Wincliester, 

1. Seven billion, three hundred and ninety-two thousand five 
hundred and eighty-six million, forty-four thousand, and 
one. 5000021000030. 

2. 104803155405621 ; and 604071. 3- ri^ ; and 1, 

4. -04976767 ; and 120-712. 5. '778125 ; and '304. 
6. £1 „ 2*. „ 6^. 7. 89-4132 &c. ; and "000365. 
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8. ^13 „ 28. „ %dr, and £3 „ 15*. 9. £Z „ 13*. „ 8^*^. 
10. 0.0. M. 128; L. CM. 2304. 11. ^1. 12. ^35 „ 15*. 
13. Bate of stream to that of boat as 1 : 23. 

IV. Eton. 

1. £U„08.„Ud, 2. 9i%. 3. 132. 

4. 6 per cent 6. 2-067S07694. 6. 80^ acres. 

7. 8Jf|^;day8. 8. 3,»y per cent 

9. ^11 „ 0*. „ l^d. 10. 85. 

V. Et<m, 

1. ^584 „ 6*. „ 8</. 2. £J6. 3. ;fi2 „ 6*. „ 8d 

4. 32. 6. ^3„10*. „8rf. 6. Cf § 79, page 132. 

7. 128,96,72,64. 8. 3 Ij miles per hour. 9. 9 taps. 

VI. Eton. 
1. 1 rood „ 19 poles. 2. 190 yds. „ 1 ft 

3. £6„Q9.„0id. 4. £173 ,, 6s, „ 4id, 6. ^^2000. 

6. Brown £6000, Jones ^3600, Robinson ^1400. 

7. 34f miles per hour. 

VII. Harrow, 

1- 1263. 2. 135 ; a»d 6. 

o 6109 ^,^^ , , 

^- 10000='^^^^- '^^ •<^12987;and35Jo- 

80 
S- iQi' «. ^1 » 13*. „ 9<f.; and 2109375. 

7. 5 days. 8. 7'8217 pence. 

9. Increase his income by 13*. „ 20247c?. 

VIII. Harrow, 
1. 2|py inches; and 83j yards. 2. 46 gallons. 

3. (1) lim; (2) HI; product |. 

4. £1 „ 7*. „ 3|<f. ; and '253966. 6. 16*. „ 4}^^/. 

6. 8|f miles per hour. 

7. ;£47 „ 13*. „ Oid. ; and ^406 „ 3*. ,, 4i</. 
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IX. Harrow, 
1. Cf. § 37. o. 0. M. 12 ; L. 0. M. 30240. 



6 4 

2. -- is greatest, and — least ; for reasons cf. $ 51, Ex. 3. 

p. 79. Quot. required is Ijj^^. 

3. lOff inches; also 6*39 &c. inches. 4. 57 years, nearly. 

5. gA^Zi 5 ^^ '00035842 &c. ; also -00860229 of an inch. 

6. Interest ^859 „ 9«. „ 0\d.\ discount £737 „ 14«. „ ^\d, 

7. 3} per cent, (nearly). 8. He would lose £25 „ 2«. „ ^^d. 

X. Harrow, 

1. Cf. § 12. Sixty-four. 2. 115093215. 3. 19840. 

4. 24'd75024; 500*5; also 4 Au72C]?r0Ci?«; \ hundredth; andon^. 

5. The quotient obtained is too small by *000886. 

6. 16*734 inches, nearly. Also 23*665 inches. 

7. As 1 : 4; also 4860 cubic 3-inches. 

8. Ipole. ^- Js' ^^' 9087*791, &c. 

11. -4, by 4. 12. 16*5 men, 19*8 women, 29*7 children. 

13. £129 „ 12*.; and £573 „ 13*. „ lid, 

14. On the shares he makes 112^ per cent. ; in the funds his 
annual income would be £184 ; and that would be 69 per 
cent, on the money originally invested. 

15. 7925 miles. 

XI. Ladie^ College, Cheltenham. 

1. Cf. § 10, 11. 1249387. Cf. § 19. 

2. (1) 6. (2) 83. (3) 2223. 

3. Cf:§53. (1)2JJ. (2) 7H. (3) H}*. 

4. {a)^. (6)4jf (c)l,%. ((^1. 

5. (l)7i. (2)|. (3)|.. (4)3^^. (5)g. 

6. 6f hours. 
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7. Cf. § 77, 78. (I) -3125. (2) 007080078126. 
(3) -2375. (4) -Sd. (6) -167530864. (6) -OOOlf. 

8. (1) 10500. (2) -002. (3) 24*3. (4) 2040000. 

9. 34*65925 cub. in. ; 240*689 ozs. 

10. (1) £837 „ 3s. „ Hid, (2) jei737 „ 18*. „ 9id. 

(3) £8.9 „ 5s. „ Zd. (4) £148 „ 16#. „ 9d. nearly. 

11. (a) 3937 yards, (6) 166| hours. 

12. lem seconds. 

XII. LadiesI' College, Cheltenham. 

1. (1) 210012. (2) Eleven thousand one hundred and 

ten. Gf. § 12. (3) a. would leave them all 

unaltered in value, b. would reduce the value of them all 
one hundred-thousand-fold. c. would make the value of 
the number eleven units, together with eleven hundredths, 

3. (1) im. (2) |. (3) ^^^ 



3* ^ ' 1191* 

4. Cf. §48; 46; 47. 

6. (1) mi (2) ^, and ^|. (3) Jei5. (4) 260. 

6. -263. Cf. § 76. 7. 001 ; 01 ; 1. 

8. (I) £24 „ 16*. (2) 12*. „ ed. (3). '074866 ; and 

678*704. (4) 68 yds. more. 

XIII. College qf Preceptors, 

1. £53 „ 10*. „ 10</. 2. ^. 3, £162. 4. 24 days. 

6. 'S ; also 00203, and 7000. 6. 2 ; also 8 poles „ 2 yds. 

7. 11^. a 9 months. 9. £800. 10. £80. 
11. 1-336. 

XrV. Diocesan Training Colleges. 

Section I. (1) 21488. (2) £2 „ 8*. „ 1^1. (3) £23 „ 15*. 
(4) 6464280. (5) lOd, (6) \\d. 

Section IL (1) 62479HJ. (2) 4*. „ 5\d. (3) 240. 

Section IIL (1) 18 A%. (2) igg-J. (3) 1-2148W. 

Section IV. (1) -67640029, && (2) 8ff} yra. (3) -06481. 
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Section y. (1) 9f $ min. (2) 6d, (3) 25 percent. 

' Section YL (1) 102026 witii remainder 29. (2) -0108. 

(3)4. 

Section Vll. (1) ^88 „ 16«. „ nMs<^' (2) ^ P^ oent. 

(3) The four per cents. £5 „ 28, „ Of f^. 

XY. Diocesan Training CoUegei. 
Gene&al. 

(1) 00007? 1428S ; 771-428571 ; •007*14286. 

(2) ^1407 „ 14». „ 2(f. (3) 79JJ- yds. ; and 
;£18 ,. 9«. y, 5f^. (4) £2 „ 189. „ 'i^. 

(6) 8ih Dec., 1784. (6) 5 min. „ 40|i} sec. (7) 2325. 

(8) 12 days after A stops. 

XYI. Diocesan Training Colleges. 
Section I. (1)45942621. (2) 320 times. (3) ^90„12f.„8^. 

(4) ;£3105 „ Ss. (5) 238 ac. M r. ,, 20 p. (6) 215. 

Section II. (1)200. (2) ^1 „ 8#. , 6dL (3)§>|S» 

50 63 
90' 90* 

Section IIL (1)^. (2)27?. (3) ;£l „ 17*. „ 4^\^rf. 

Section lY. (1) -2626. (2) 022418566 ; -179346 ; 39-466. 

(3) £97 „ 19*. „ 5f </. 

Section Y. (1) 8f |f ^. (2) 25 for 1*. „ ed. (3) £640* 

Section YL (1) £7 „ Os. „ lOJf d (2) Of. § 89. 

' (3) 1-8, &c. feet 

Section YII. (1) ^£649 „ 1*. „ B^^d. (2) £1 „ 19*. „ 4d. ; 21^ 

(3) £9000. 

XYII. Diocesan Training Colleges. 
General. 

(4) 4-90099501 gallons. (5) £20 „ Ms. „ 11*56224^. 
(6) 9i. (7; 193-649, &c. (8) £3078. 

(9) 9^^ miles. (10) 9^ miles. (11) 150 ; and 250. 

GG 
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XTIIL arS Serne$ Omummkm, 
XIX ClTn/ Sernee Qmnmimcm. 

9. He ^uat J» « Ite. ^ 7//jd: Si Mpercnrt. 

IX 3 wimites ^ 46f fee, 14, 5 mimtei before II. 

IS, OiMHRxili, See qaeriion 7e, pi 1%9. 

XX, Ciret7 Senriee C&mmitncm, 

1, M'1509125. X l^.„9dL X S^yem. 

4 (^aiw S^/, per cent 5, 1S495000. 

0, He gnus /92 ^ lOf, 7. 8^ 

8, Oni of ererj 100 of the popahlioii 75 would be Bomaa 
Caibdki, 10 IHeeentefs ; or for ereiy 100 Boman Cauli»- 
lioiy ISilHeeaitem 

XXL C^9t7 Sertiee CcfnmiMncn, 

1, 128]S. 2. Redncedbjlj^^perceot. 

3. 7092f/T etods, and 8|t per eenk 4. b2}, 
S« Of i 109, p, 245, 0. 10 gidden. 

7. £i „ 19$. 4id. neuij. & UegUDB£2„Zi.„2id, 

XXIL Direct Cr/mmissumi, 
1, 104tiiiie«, 2, 14<>8Oftep0. 3. 20 dajiu 

4, 1UmB„4ewt 5, ^^1527 „ 3f, „ Ikl 

6. ih%V;«»l^' ^' 4840, and^. 

8. -07646, and -008. 9. £11 „ 2$^ and £l „ I5s. 
10, INIons ; and 8'426, fte. 
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XXIII. Direct Commissions. 

1. 37 times. 2. £22 „ 19s. „ Sd, 3. 88. 

7 3 

4. ;£13 „ 3«. „ 6Jrf. 6. £2039 „ U. „ 3<f. 6. j^, and ^. 

4 

7. 1-8019, and 0074. 8. ^; also 4*. „ lOid. 

9. -000027, and 22004. 

XXIV. Direct Commissions. 

1. Seven million two hundred thousand inches. 

2. 3*. „ llflf. 3. £37 „ 2s. 

4. 2 lbs. „ 10 oz. „ 11 dwt „ 12 grs. 5. 24 cwt. 

6. *d0099d. 7. £1 „ 9s. a -002988, &c. 

9. £33 „ 14». „ 4J</. 10. 3007. 

XXV, Direct Commissions. 

1. £12704 „ I2s. „ 4^. ; ^nd £1 „ 5s. „ 6^^. 

2. 2 miles „ 150 yds. „ 2 feet. 3. 1320 steps; 1100yds. 

4. 3 tons „ 18 cwt. „ 3 qrs. 5. 3^ per cent 

6. r^; also 1. 7. 14*443 ; also 13545. 8. 5*4 pence. 
9. -2 10. '0000015625 ; also 27001 1. 

XXVJ, Direct Commissions. 

1. 57. , 2. 198252 inches. 

3. 17 cwt „ 2 qrs. „ 19 lbs. „ 4 oz. 4. Is. „ lO^d. 

5. 6 hours. 6. 6^. 7. -2375. 

8. 129107 sq. yds. 9. 2040. 10. 5090. 

XXVII. Staff College. 
1. £13810,, 17*. 2. £127 „ 3*. „ 9<f. 

3. 52 feet „ 10 inches. 

4. 12 cwt saltpetre^ l}cwt sulphur, 2} cwt. charcoal 

5. 5^ per cent 6. An increase of £142 „ I6s. 

30 1 

7. Cf.§4a Y^ 8. 1, and -"1^. 

6G2 
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9. -984376 ; Cf. § 76, p. 128, - ; product 64. 

10. '05, 507*001, 2*3452, and '00003696 remainder. 

XXVIIL Oxfiyrd Local. 
1. £^h, 2. £37„13«.„2K 

3. ;fi977 „ 14#. „ Ojd ; and ;£I2 „ 2#. „ Ijrf. 

4. — ; and 4J. 5. £V. 6. '0004 ; 4000 ; 40. 

'^•Vhk' •• slo '•««""• *• 7014; and 04. 

10. As ;£14 „ f*. „ 7'2d : ;f 14 „ 17». „ 211684<f.; or as 

3*67 : 3*714704. 11. 3738. 

12 864 planks ; and X233 „ 8«. „ 7d 13. 21 days. 

XXIX Ooiford Local. 

1. 408 lbs. ; and 2(/. each. 

2. £49 „ 19*. „ llld, ; 1 ton „ 1 cwt „ qr. „ 26 lbs. „ 15 oz. 

29 

3. £901 „ 5*. ; £10 „ 11*. „ 6</. 4. — ; and 2. 

5. lOshillings. 6. 1*2; 240; 9. 

7. -i : and 00347 J. 8. 1124864; and 29496. 
30 

9. As £1 „ 4*. „ \V62d. : ;£1 „ 5*. „ ll'660544{f. ; or as 
39 : 40*5808. 

10. The rate of interest is the same in each case. 

11. 96. 12. 18 men. 

XXX. Cambridge Local, 

1. The one is larger than the other by forty-nine thousand 
nine hundred and fifty, «.«. by 49950. 

2. 60768396 ; of 129847 and 40068. 3. 4763, 763, and 63. 

4. 22|. 5. As 2464, 2268» 2625, 2700. 

6. — . 7. 74*9266, and -00749266. 
56 

8. '163; quotient, divisor, diyidend. 

9. -975, S*^^-^^^' ^^' '^^ 
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11. 


-oooi3i, 


199800- ^2- 908 y*^ 


13. 


18«. „ 2^d. 14. ;£4643 „ I5s, 






XXXI. Cambridge Local, 


1. 


37217. 


2. 467327. 3. 17*. .,4rf. 


4. 


49 
72- 


6. ^ ; j2g ; and 1*. „ 7irf. 6. -0129. 



7. 31 qrs. „ 2 bos. 8. ;£3496 „ Of. „ 6d. 

9. 1 ton „ 3 cwt „ 1 qr. „ O^lb. 10. 48*5 per cent 

11. 1 yd. „ ft. „ 3*3708 inches. 

12. 13'80 &c pence, assuming that the copper alloj in a com- 
mon shilling has no value. The question fails to supply 
either the relatiye values or the relative weights of sUver 
and of copper. 

XXXII. Osford BesporuioMf Michaelnuu, IS62. 

LI. 2. ^ , and lOOa 3. -4585, and ^ . 

•SIX 10 

4- -001221, 12, 12000, 11. 6. ^1 „ 4*. „ A^d. 

61 

6. 1)2, S% If, oKq* 7. 140 minsB. 8. 156 yards. 

9. 21 men. 10. ^£88 „ Si.y and £30 „ 9«. 

11. ;£37„10l. 12. £1010. 13. £60, £40, £30, £24. 

XXXIII. Oa/ord Responsiom, Trinity Term, 1865. 

1A ^Q 144 

1. 2571,315, 2. Jl, l^g. 3. j^, 36205. 

4. 02265625, and 003625, -00003625, *3625. 

5. g~ , ^, 2^- 6. £3 ., 3*. ., IK, 03125 CWU 

7. 327, 2 03. 8. 10164, &c 9. 15 days. 
10. £25 „ 10». ; £16 „ 4f. „ Bid. 11. 1600. 



XXXIV. Oxford Responsions, Michaelmas Term, 1865. 

11 1 25 

I. 1, andjj. 2. £450. 3- 96 '2^2 • 



4. gJJo, ^, m. -7, 07, 70. 6. 9#. „ 9rf, and -2. 
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6. 13*25, 2020. 7. B mn& by 7^ miuuieii. 

8. 37J per cent 9. £76 „ 13#. ; £1 „ 10*. „ 9^^?. 

10. £1„13«.„4^. 11. 462^ sovereigns, and ;£4»,49.„11|^^. 



Cambridge Previous Examination. 
First Dimsion B, 1856. 

1. Cf. § 11, 12. 694 with remainder 2, Cf. § 27. 

2. £15 „ 6«. „ Zd,y £33 », 9«. „ %id. 

216 

3. 1, and 1*. „ 6d. 4. -=—r of a penny. 

5. £69218, and 17cwt. „ 3|i»ylb8.; ^; Cf. § 66. 

6. Cf. § 88, p. 119. 7. -3, and 0003; 13». „ 6^ 

8. 1250, 125, 00000125. The sum is 106-6655. ^^ and - . 

Do 7 

9. , Cf. § 48, and § 66. 10. £1388 „ 17*. „ 9^ 

11. £3„13«. „4{f. 12. 4 years. 13. 4peroent. 

14. 84. 15. 7«.; and5f. „6<;. 16. 3162, &c. 

Second Division A, 1856. 

1. Cf. § 25, p. 21, and § 45, p. 73. 

2. £609 „ 9*. „ 5/^., £2 „ 15«. „ lljtf. 3. April 16. 

4. 128 square feet „ 68 square inches. 

If room be not rectangular, the area would consist of 128 
parallelograms whose sides are feet, and 68 parallelograms 
whose sides are inches, but whose angles are not right 
angles, but are angles equal to those contained between 
the sides of the room. 

5. 2 ; and 6. 6. — ; 7 ; also 7 . 7. li hours. 

08 4 4 

8. -002021, 20210, '1902, 1902000000, 1902000. Also 

-0002938. 9. 7*. „ lOid., and 23125 for both. 

10. Cf. § 88 and § 5, p. 2. No, see § 26. 11. 64 : 63. 

12. 135 days. 13. £91f. 14. 750 stock. 

15. 23515302409; 10192; and '214. 
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Second Division B, 1856. 

1. Cf. § 25 and § 46. 

2. j£1191 „ lOs, „ iKi ^199 » 11'- M 6K 

3. April 8. 4. 101 square feet „ 56 square inches- 

- ^, 9 ^ 68 ,3 10 

6. ^1;25. 6. 23^^d4^ "9 ' 

7. Kate of stream is 1^ miles ; against stream 1 hour. 

8. *00001, 10100, 11900000. Arithmetically impossible, since 
the subtrahend is the larger quantity. The result is — '1925. 

9. -91875, likewise '00091875. £7 „ 17*. 

10. They cannot be arranged as a proportion. No, see § 26. 

11. 25 : 8. 12. 100 men. 
13. £80. 14. 843| stock. 

15. (a) 10260271849. (0) The number 10573009 is not a per- 
fect squ)\re; if the figures be altered to 10582009| the 
root would be 3253. (y) '789. 

October, 1856. 

1. Cf §44, 46. 2. ^; and 7 : 13. 

. . 26 90^ ^8 75 .^ 2399 , 1 
^' ^""^ 225' 2-26' 225' 225' ^\3080' *°^16' 

4. 21, 210. 5. 432, •00§57l4l 

6. ;ei04 „ 7t. » Od, „ If/ar., £9 „ 9*. „ Sd. „ S^jfar, 

7. 3 days „ 10 hours „ 1 3 min. „ 57 sec. 8. £223 „ 15*. ,, ll^d. 
9. £25 ., 5 flo. „ 3 cents ,» 1*25 mils, or 255-31225 florins. 

10. £82970 „ 8 flo. „ 9 cents.,, 1*242 times. 

\ I. £1002 „ 9 flo. „ 6 cents „ 5*88 mils. 12. 14J marks. 

1 3. 4*. „ 2d, „ 2ifar, 14. 4jf f ff . 15. £21 „ 5*. 

16. 3S{ per cent 

First JHvision Bj 1S57. 
1. £70 „ 17*. „ Oid, 2. £17. 3. 4. 1. 

5. 90 additional men. 6. 750, and 133333*3. 
7. -004, and '00375. 8. '025, and "0001. 

9. £146 „ 9 flo. „ 6 cents „ 6 mils, or £146 „ 19*. „ 3d. „ 2f /ar. 
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10. £94 „ 11#. „ 6d^ and ^£6000. 11. £420. 

12. £1320. 13. £316 M 17#. - 6rf. 14. £560. 

Second Dinsiofi A, 1857. 

77 1 

1. 60lb8. 2. lOidays. ^- bo'"'^20* 

4 ?. 6. £520. 6. -0108575, and 02525. 

7 

7. 001385. &c. 8. 3-8 feet 9. £5000. 

10. £410, and 30 jeara. 11. 89.^ 4d 

12. 25802 ounces, or 14 cwt „ 1 qr. „ 16 lbs. „ 10 oz. 

13. £462. 14. £960000 capital, and £95238 ,• 1#. „ 10?rf. 
receipts. 

Second Division B, 1857. 

19 
1. 180 lbs. 2. 16 days. 3. ^, and 1^. 

4 i- 5. £1040. 6. -0325725, and 1515. 

21* 
7. -0083. 8. 7-6 feet 9. £6666 „ 13». „ 4A 

10. £545, and 24 years. 11. £2„lt. .,8^. 

12. 1 16109 ounces, or 3 tons „ 4 cwt. n 3 qrs. „ 4 lbs. ^ 13 oz. 

13. £372. 14. £1600000 capital, and £150000 receipts. 

October^ 1857 (-4). 

2 1 

1. The wheat 2. A».„2d, 3. ^. ^15" 

5. 89 of the alloyed are equiyalent to 87 of the standard gold. 

6. 12000 and 012. 7. 0099431 S. 8. 266776, Ac 
9. 4^ per cent 10. £82; £1 ^ It. „ 0075<?. difference. 

11. 250. 12. 266001, &c. and -809, &c 
13. 141 acres „ 3 roods. 14. 14 payments. 

Octobevy 1857 (-S). 

2 1 . 

1. The wheat 2. 5. 3. -. 4. ~<f. 

6. 14 of alloyed gold are equivalent to 13 of standard gold. 
6. 11000, and -Oil. 7. '6745. 8. 933*7, Ac. 

9. 4j^. 10. £41 ; and lOt. „ 6-0243^. difference. 
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11. j£2.50. 12. 255 998, &c., aud '809, &c. 

13. 204 acres „ roods ,, 30 poles. 14. 14 payments. 

First Divition B, 1858. 

1. One hundred and twenty-seven million eight hundred 
thousand and twenty-one. 

2. , and Id. 3. £6 „ 7 flo. „ 1 cent „ 0*41 6 mils. 
72 

1232 

4. 1-236, and '04944. 5. ^_. 6. 15 hoiuu 

' 0520 

7. 41000, and 6*3099. 8. He loses £446,,. 3«.„0t§e;. 

9. £100. 10. £3783. 11. £5 ., 17t. „ OH^. 

12. Gf;§43. 

Second Divinofi A, 1858. 
1. 232003014. 2. ^i and U. „ Bd. 

3. 12*47, and 623*5. 4. £l8„6flo.„2cent8„7'08imils. 

4 16 

5. ;^9Uid^zr=, 6. 35*0112, &0. ounces. 
2o dZo 

7. "25, and 59*52. 8. £3 „ 17t. „ 9d, 9. 20807*97^ &c. 

10. 13. 11. 19«.„8^. 12. Of. §43. 

October, 1858 (A). 
1. 381274954. 2. 7970 miles. 3. ^. and Is. 

87 1679 

4. 2Z' and .1*.. 5. 2*0535, and 102675. 

6. *0875, and 4*6 dollars. 7. *42804, and 369. 

a 1000 men. 9. 8 feet ,,10} inches. 10. £1„12«.„6^. 

1 1. ^'s loss £20, j^s loss£26 „ 13#. „ 4d,, C's loss £33 „ 6#. „ Sd. 

12. IJil miles. 

First Division B, 1859. 
1. 847021; 36865365. 2. 6075. 

3. £59 „ lOt, and £3 M 14#. 4. 2«. „ 3(f. 
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2 

5. 16 men. 6. 600 ; - ; 1. 

o 
7. 1082-69869, 74-84, 22600. 8. ^,'275. 

9. 3163,49007. ' 10. 1} houre. 11. Loses .^ per cent. 

12. 30. 13. £382,, 10*. 14. 2j yeurs. 

15. £25 loss in cash, £sl gain in income. 

Second Division A, 1859. 
1. 41160090 sum, 16468734 difference, 355733452311336 pro- 
duct. 2. 75. 3. Cf.§4Q, p. 48;^. 

4. Cf. § 31, (7), p. 37 ; 213*4. 5. 1, and 1. 

6. 3cwt.„l qr.„6lb8. 7. £16000. 8. (1) £1153,, 19*. 
(2) £444 „ 16*. „ 8d. (3) £719 „ 11*. „ Sd. 

9. 3005, 12, S. 10. £50 „ 15*. „ l^, 

11. The latter by 7*3118, &c., pence. 12. £1237 „ 6*. 

13. 6 per cent. 14. 2id. 15. £6000. 

October, 1859 {A), 

1. 5969^1 sum, 8821 difference, 871301360 product. 

2. 7 and 3. 3. 28080000 lbs. 4. £711 „ 18*. 

5. £79 „ 17*. „ 6flr. 6. £4„15*. 7. -2. 8. ^. 

9. 4*. „ 7id. 10. £30. 11. 81 days. 12. £2940. 
13. -0000101. 14. £13, £25, £50, £100, £150. 

16. 63 yds. 16. 214, &c., 3.22, &c., 8-50, &C., 29*42, &c 

First Division B, 1860. 
1. Cf. § 11, 12 ; 564, ct § 19. 2. Cf. §44 and 48 ; ~. 

3. Cf. § 64 and 65. '00000403 sum, '000000000003888 pro- 
duct. 

4. £0703125. 6. 2530-6. 6. 26*. „ 6rf. per acre. 

7. £20 A's share, £40 Bs share. 8. £1 176. 

9. 173^^1^ acres. 10. 968 years, and 4 miles „ 30j J yards. 

11. 150 percent. 

12. He gained 106 cash, and increased his income by £U8f^. 
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See<md Dtvitum A, I860. 

1. 9843750 sum, 9687500 difference, 762939453125 pnidnc^ 
125 quotient 2. 486$^. 

3. 100191 sum, 10*0009 difference, '0091091 product^ 110 
first quotient, 'OOOdd second quotient. 

4. (100«.4-8#.) X 75 gallons" 937i gallons, 
(8«.-^100«.) X 75 gallons = 6 gallons. 

5. Of. p. 166, £96 „ 17t. 6. £25 „ 6*. ; £34 „ lOt. 

7. ^310 „ 14«. ; £331 „ 178. „ 6d. ; £500,, lOs. 8. £3 „ 5s. „ Id. 

9. Since 5 per cent, is found by taking ^ th part, see p. 202, 

and since pounds when considered as shillings have to 
be divided by 20, the proper interest would be thus ob- 
tained from them : while the shillings and fractional parts 
of a shilling, when brought to the fraction of a twelfth 
of a pound, are shillings divided by 20 (which is taking 
5 per cent, of them), and multiplied by 12, which brings 
them into pence. 

It is more simple to divide at once by 20, as suggested at 
p. 202. 

£31 ,^ If. „ S}d. is 6 per cent, and £29 „ 10«. „ 7^jfd. is 4^ 
per cent 

10. Bank stock is best in ratio of 320 : 319. 

11. £134„6«.„9^d. 12. 352 persons. 13. 2*97 pence. 

October, 1860 (A). 

1. 1666350 sum, 1639900 difference, 21862578125 product, 
125 quotient 

2. The square '000057289761, the square root '087. 
2. 32 furlongs -$- 4 furlongs = 8, £2 x 8=£16, 

4 furlongs -7- 32 furlongs = ^ , £2 x - = 5#. 

4. 32399f\j^, and 3 days „ 11 hours „ 13 min. 

5. lOs. „ 4id.f and 12 lbs. 6. Gf. § 40, p. 48. 

7. £26393 „ 15#. 8. £24 „ 7«. „ Sd., and £23 „ 2#. 



460 APPENDIX, coin*AiinNO 

9. £4 „ 6#. 10. £457 „Si,„9d^ and /273 „ 15f. 

11. £392, £784, £ine, £1568. 12. Lofles 25 per cent 

13. 403 jarda. . 

IHnt JHvisum B, 1861. 

1. 438, cf. S 19- 2. 24 with remainder 5397; and 

24 furlongs ^ 149 yds. „ 2 fi „ 9 in. 3. 1\%^. 

23 

5. -42106181, and £1 „ 5#. „ Zd. 6. 145, 14*503, and 48 ft 

7. £9„9«. 8. 15 days. 9. ;£1085 ,, 12«. „ Of^. 

10. £22 „ 2^. „ 2iJ5ft^. 

11. £60 „ %s. „ 6^., and £2 „ 19«. „ 2ffif. per cent 

12. 640^ quarters. 

. Second Division B, 1861. 

1. Three hundred and twenty-four million, nine hundred 
and thirty-seven thousand, live-hundred and ninety-four. 

2. Cf.§44,4a Orderof magnitude is (1), (3), (2);^. 

3. -8499745, and -30685. 4. 8#. „ 2^., and -08X6. 

5. In a year and 6 days there are 32054400 seconds. 

6. Total gain £16, gain per cent 12^. 7. It. „ 6^. 

8. -000045, &c 9. £17 „ 11*. 10. £8 „ 9*. „ llfrf. 
11. 8 per cent 12. 27^ feet, and im seconds. 

13. £253 „ 0#. „ 9JS8rf. 

October, 1861 (-4). 
1. 7833958 quotient 2. £13 „ 18t. 3. 3 and 4. 

4. 3^, g, ?~; ^2„ 7t. „ Id. 5. 15 days. 6. £156. 

7. At 5 minutes be/ore nine, the engine of the second train 
would have run into the lust carriage of the first. 

8. £22„0t.„4|rf. 9. £800. 10. £2812„ 3*. „ 2f€f. 
11. £33 „ 15*. „ 84H income, £33 „ 2s. „ 2^J^. gain. 
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First Division B, 1862. 

1. 10001001. Sum is 2259, cf. § 16. Also 12484 required 
number. 

2. 6995, with remainder 19. 3. £Vl ^ 9«. „ 6^. 

4. 17 lbs. Excess in weight is 266 lbs. „ 7 oz. „ 6 dwts. „ 
16 grs.; excess in value i;i2467 n ^' n i^* 

6. Cf. §66. 3j|J;^gg 6. Cf. § 76. (1) 12-66806 ; 

(2) 4962. 

7. (1) £5109 „ 7*. „ lOifl?. ; £93 „ 14#. „ l^rf. 

8. 6 cwt ,, 3 qrs., and £'3703125. 9. Cf § 99, 100. £47 „ 6«. 

10. Cf. question 10 in preceding paper. 9216 bricks. 

11. £19 ,, 14«. ,, 5c;. 12. 777, and 3*644, &C. 13. 2ift. 

Second Division A, 1862. 
1. 203; 146 remainder. 2. Cf. § 32 and § 40. G.aM.is21. 

3. £3 „ 17t. „ lOirf. 4. ^5^;2tt. 

19 
6. - ; £22 „ 4#. „ 6 Jd 

6. 'fi9900d : 1001 ; 6 cwt „ 3 qrs. ; and -902f . 

7. Cf. § 94 and § 99; £1 „ 12#. „ 6*85^;. 8. £120. 

9. £27820 „ 18#. „ Zd., £8096 „ 4t. „ 2\d, 

10. By lifeboats 729, rockets 432, ships' boats 3348, indi- 
viduals 27. 11. 301j^ cubic yards ; 165 ji^; lbs. 

12. His income at first was £187 „ lOt. ; afterwards it was 
£196 „ bs,\ hence £8 „ 15«. was the increase. 

13. 876 ; 99'49, &c 

October, 1862 (^). 

1. 14981018. 2. Cf. § 44 and 48 ; ^ and jj2 . 

3. \\d. 

4. 661 portions, with a remainder *0023 of an inch long. 
6. 17 qrs. „ 0^ bushel. 

6. 347, and 1-49, &G. Breadth 16 feet, length 32, height 8. 

7. 6048carlini. 8. Cf. § 99. £100. 
9. 14«. „ 6(/., and 16t. „ ^d, 

10. £376. 11. Neither increase nor diminish. 12. 4 days. 
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Fint Divinon By 1863. 

1. 6724096747950354972, £82037 „ 5«. 

2. £102 „ 13#. „ 6i<^^ £1694 „ 3#. „ 6<1 

3. ^64726 „ 3»., £20315 „ It. „^. 4. £271 „ 10*., £5666. 
5. £2053 „ 2*. „ 6rf.; £4000. 6. 161}^J ; 16#.„ 10^ 

7. -40626; ■0089^85714. 

8. 6t. „ Ofrf. ; £11 „ 18#. „ lOd; 2300 ; -000051. 

9. 30502 ; 7*8 ; 7746, &c. 

10. The gain is ^ of a penny per lb. by buying per quintal ; 

50 

also by baying 12000 the loss is £1. 

11. 13?, 166, 198 feet 12. £121 „ 13#. „ 4cl. 
13. 288 grains, or 12 dwt ; 6#. „ 2d, 14. 2250 ducats. 

Second Division A, 1863, 

1. 319 tons „ cwt. „ 1 qr. „ 12 lbs. 

2. £19 „ 4*. „ 2i^., £9767 „ 13*. 

3. £489 „3#., £21987 „ 12*. „ 4d. 

4. 361 days. 6. 18*. 6. £584 „ 14*. „ ^d., £6607. 
7. 37 and 360. 8. 1^1- Iffi and 28. 

9. -002739, &c.; -2; 99000; -0000112. 

10. 8192, and '31, &c 11. A*a offer, by £82 „ 17*. „ 6d 

12. £ J[^f... is the gam by investing £100 in the 4 per cents. 

Also £457 „ 5*. „ l|rf. 13. £3*200. 14. 10791224. 
15. As any two of them are greater than the third, they can. 

October, 1863 (B), 

1. 4083250793, £1036455 „ 16*. £144 „ 7*. „ 5d, 
£61 „11*. „ lid. 

2. 54756. 3. 15*. „ 4d 4. 24 days. 5. 60 miles. 

6. £667 „ 12*., £3545 „ 1*. „ 2rf., £8576 „ 0*. „ lOd. 

7. £1193 „ 5*. „ 8^ 8. . £9000, £651. 

9. £16407 „ 5*. „ 3-912dL 10. 61, and 720. 

3 
11. 149, £1 „ 17*. „ ed 12. ^, 10, 31. 
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13. -4375, 120, 6«. „ 3d. £1 „ 13*. „ 3d, ^0033, 106000, 87. 

14. 298, 3-2867, &C., 06. 15. 12i per cent 
16. In six years. 



Previotu Examination^ March^ 1864 {A). 

1. (1) £134 „ 19t. „ Qid, (2) 369 jrs. „ 203 days „ 16 hrs. 

(3) £19 „ 3#. „ Id, 

(4) 54 tons „ 7 cwt. „ qrs. „ 24 lbs. „ 12 oz. 

2. £21 „ lbs, „ ^d, 

3. • (1) £1594 „ 9*. (2) £14968 „ 3*. „ ^d. 

(3) £2262 „ 8«. „ 9d 

4. (1) £93 „ 15t. (2) £76 „ 8«. „ ^f{d. 

5. £2127 ,, 2«. „ 8*077(f., &c. 6. 43 ; and 720. 

7. 2^V •• "»d 1 lb. „ 8 oz. 8. -136; ^^; '1918168, &c. 

9. 26'6; 400; '0025. 10. 200137; 1}, and "81649, &c. 

11. 82^ cubic feet. 

12. £36,, lis. ,, IOtJV^.; '£07„ I99.„d\^,\ £100„2tf.„8if£?. 

13. £131 „ 2«. „ ed, 14. 12 per cent. 



Premou$ Examination^ Marchy 1866. 
1. 99009000. 2. 102026, with 29 remainder. 

3. £125„4tf. „9d. 4. Cf. § 44, 48. ' 

5. 31097J}- 6- '00296, &C. 7. '142867. 

8. 15. 9. £130. 10. £70 „ 17t. „ 6(/. 

11. 374 sq. yds. 12. 9t. „ 4j€f. 13. 8 J miles from -4. 



Previotu Examinationy December, 1866. 

1. 616400023. One thousand six hundred and fifty-nine 
million, eight hundred thousand, two hundred and five. 

2. 5684986053; 31416. 3. £l5„6«.„4|^.;£2770„9«.„ll(f. 

4. ^^ ; 2. 6. 16, and 12i. 

6. -136, and 5976; -j^^, and ^, 

7. -00003738028, and '676. 

8. 7199 ; -117 ; also -765366, &c. 
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9. A, je39„7*.„7K; B, ^66„12*.„8idL ; (7, ^£106 „ 0#. „ 4rf. ; 

10. je815„10*.„8rf.,aiid317}|jfjdays,or|^yr8. Also 

11. £1340 „ 1*. „ lOjgK 12. 5lJ8day8. 

13. 3 feet „ 8 inches. Also 8 tons „ 3 cwt „ 3 qrs. „ 1 jf^ lbs. 

Premotu BxaminaHony December, 1867. 

1. Of § 11, 12. 2. 31 years. 3. 83772. 

4. 1267, with remainder 54. 5. 82008; 2701 a 

6. 4-4721, &c 7. MSH* 8- 6701455. 

9. £15000; £5000. 10. 33]^. 11. 72. 

12. 7 gn^lden. 13. 5 hours. 

14. A had 3240 rotes, B 2916, D 2052, C 1944» E 1728. 
Number of electors 6480. 



Previoui Examination, December^ 1868. 

1. 95367431640625, and 625. 

2. 87 yards ; also 4959 cubic feet 3. 6680 ducats. 
4. 998999{{|i. 5. Gf . § 71. 6. 3*522?. 

7. Cfl table on page 152. £13658 „ 12«. „ 5d, and 
£279 „ 16t. „ 6^. 8. 11 01 ; and 75}. 

9. QQ crowns, 44 shillings, and 22 pennies. 

10. £2290 „ 69. „ 3d 11. £120 „ 0#. „ 3dL the debtor. 

12. 20 days. 

13. The larger wheels make 1002 and 1000 revolutions, the 
smaUer 1169 and 1166| roTolutions. 



Previotu Examination, March, 1869. 

1. 152.Gi:§19. 2. 1-9. 3. 442, with remainder 11. 

20 
4. 73*524942214, and 3*628693554. 6* ^* 

bo 

6. £17 „ 4:9. „ 2d. 7. Gf. §116. & I29.„4^d. 

9. £4307 „ lit. „ lOid,, and £75 „ lOt. „ 4|d 

10. 41iflbs. 11. 9i.„md. 

12. 2} (nearly) per cent 13. £8. 14. 3} hours. 

15. 5#. „ 10^. 
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